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Plate  i.  A  general  view  of  a  repieaentative  portion  of  the  Yacolt  Bum  of 
X902,  Columbia  National  Forest,  looking  southward  from  Lookout  Moun- 
tain         a6 

Plate  2.  A. — "Interrupted''  reproduction  of  noble  fir  on  the  west  slope  of 
I^ookout  Mountain.  B. — ^The  picture  shows  the  method  of  measuring  the 
height  of  the  seedlings  by  means  of  a  graduated  stick  which  was  used  also 
in  determining  the  width  of  the  transect,  8X  feet.  A  representative  stand 
ci  noble-  and  silver-fir  reproduction  on  the  northeast  sk>pe  of  Lookout 
Mountain.  C. — ^A  fire  line  cut  thiough  18  inches  of  litter  and  duff,  Foss 
River  fire,  September,  19 14,  Snoqualmie  National  Forest.  D. — ^This  pic- 
ture was  taken  just  inside  the  fire  line,  about  15  feet  from  the  upper  pic- 
ture         s6 

Plate  3.  A  20-year-old  stand  of  Douglas  fir  (with  white  pine  and  others)  which 

succeeded  a  single  fire s6 

Plate  4.  A. — Reproduction  in  a  1902  btun  of  the  Cowlitz  area,  about  10  chains 
fiom  the  nearest  seed  trees.  B. — Results  of  a  1910  fire  following  a  1902 
bum s6 

Plate  5.  A. — Douglas  fir,  16  years  old,  which  has  been  producing  seed  since  its 
fourteenth  year.  B. — ^A  clump  of  reproduction  which  escaped  a  19 10  fire 
(Upper  Ci^us,  Rainier  National  Forest).  C. — ^A  climip  of  true  firs  which 
escaped  all  fires,  surrounded  by  a  small  area  of  reproduction  which  resulted 
from  1875  fire,  but  yras  injured,  and  some  of  it  destroyed  by  subsequent 
fires,  notably  that  of  1892.  D. — A  barren  waste  left  where  the  fire  of  1892 
followed  the  fire  of  1875 26 

Plate  6.  A. — Reproduction  resulting  from  a  single  fire  in  a  typical  mature  fir 
forest.  B. — ^Homesteaders  clearing  in  an  alder  "bottom"  surrounded  by 
second  growth  Douglas  fir 26 

Plate  7.  A. — Douglas-fir  reproduction  in  the  brush  thickets  of  the  Cispus 
bum,  Rainier  National  Forest.  B. — ^A  1902  fire  followed  by  a  1910  fire, 
pibotographed  in  191 5,  Or^^n  National  Forest,  near  Summit  R.  S.  C. — 
Repioduction2oyear8old,atEq>erance,Waah s6 

Endrot  of  Cranberries 

FtAteA.  I. — Five  Late  Howe  cranberries  showing  t3rpical  appearance  of 
cndfot  starting  at  the  blossom  end.  2,  3. — Cranberries  from  Wisconsin, 
ibowing  the  appearance  of  the  endrot  starting  at  the  stem  end.  4. — En- 
tirely rotten  berry  affected  with  endrot  5. — Appearance  of  endrot  on  the 
lighter-colored  frait,  beginning  at  the  stem  end.  6,  7. — Cultures  of  the 
endxot  46  days  old  on  stems  of  Melilotus  alba,  showing  the  various  color 
dianges  in  the  fimgus  from  the  youngest  to  the  oldest  growth.  8. — Culture 
ci  the  endrot  fungus  39  days  old  on  cranberry  agar-gelatin,  showing  the 

various  colors  produced 42 
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Plats  8.    Macrosiphum  illinouensis:  A. — ^Antenna  of  male.    B. — ^Antesina  of 

fall  migraat.    C. — Colony  on  grape  leaf .    D. — Colony  on  grape  leaf 90 

Plats  9.  Macrosiphum  illinoisensis:  A. — Summer  winged  viviparous  female, 
and  details.  B. — Summer  wingless  viviparous  female,  first  instar.  C. — 
Summer  wingless  viviparous  female,  fifth  instar  or  adult.  D. — Pupa  of 
summer  winged  viviparous  female 90 
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TATION 

Plats  10.  Agaricus  tabularis:  A. — ^Three  fruiting  bodies  about  10  to  15  cm. 
in  diameter  showing  variation  in  the  pileus.  B. — Large,  firm,  fleshy  fruit- 
ing bodies  10  to  15  cm.  in  diameter.  C. — ^Three  typical  fruiting  bodies. 
D. — Bottom  view  of  fruits  7  to  15  cm.  in  diameter 346 
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the  rough  scaly  top.  C. — ^Tjrpical  of  fruiting  bodies  exposed  on  dry  hot 
days 246 

Plats  la.  Agaricus  tabularis:  A,  B. — ^Two  fruiting  bodies  showing  smooth 
and  nearly  smooth  pileus.  C,  D. — ^Two  fruiting  bodies  showing  die  rough 
or  tabular  structtue  of  the  pileus 246 

Plats  13.    Agaricus  tabularis:  A. — ^Two  fruiting  rings  showing  large  fruiting 
bodies  about  15  cm.  in  diameter  and  of  relatively  uniform  size.    B. — A 
ring  just  after  the  fruiting  period 246 

Plats  14.  Agaricus  tabularis:  A. — ^A  fruiting  ring.  B. — ^The  mycelium  as  it 
appears  on  the  soil  mass.  C. — A  trench  across  a  ring  of  A ,  tabularis  in  a  Ku- 
banka  wheat  plot,  showing  the  mycelium  in  the  soil 246 

Plats  15.    Agaricus  tabularis:  A.— A  trench  across  a  fairy  ring.    B.— Another 

trench  showing  a  different  distribution  of  the  mycelium  in  the  soil 246 

Plats  16.  Agaricus  tabularis:  A. — General  appearance  of  a  fairy  ring  formed 
by  A .  tabularis  during  a  dry  year.  B.— General  view  of  a  ring  formed  by 
A .  tabularis;  photographed  during  a  dry  year 246 

Plats  17.    Agaricus  tabularis:  A.— A  trench  through  the  ring  shown  in  Plate 

16,  A.    B. — A  trench  through  the  ring  shown  in  Plate  16,  B 246 

Plats  18.    Agaricus  tabularis:  A  ring  which  produced  only  a  few  mushrooms 

in  1915 346 

Plats  19.  Agaricus  tabularis:  A. — Part  of  a  large  ring,  showing  43  mush- 
rooms.   B. — A  large  ring,  showing  75  fresh  mushrooms 246 

Plats  20.    Agaricus  tabularis:  A  ring  caused  by  A .  tabularis  and  distinguished 

by  a  uniform  growth  of  Plantago  purshii 246 

Plats  21.    Agaricus  tabularis:  A. — Effect  of  a  ring  on  Kubanka  wheat.    B. — 

The  stubble  showing  the  distribution  of  the  ring  of  A .  tabularis 046 

Plats  22.    Agaricus  tabularis:  A.— -A  ring  formed  by  A.  tabularis  in  a  field  of 

Turkey  wheat.    B. — ^A  trench  across  the  ring  shown  in  the  figure  above . . .      246 

Plats  23.  A.— Method  of  measuring  the  penetration  of  water  in  three  zones 
of  a  ring  of  Agaricus  tabularis,  B. — ^A  ring  of  Agaricus  arvensis  showing  the 
effect  of  irrigation  during  a  dry  year  on  the  different  zones 246 

Plats  24.  A.— A  trench  across  the  irrigated  plot  shown  in  Plate  19,  B.  B. — 
A  ring  of  Calvatia  cyathiformis  photographed  August  21,  1907,  z6  miles 
north  of  Cheyenne  Wells,  Colo 246 
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PlATB  35.     Calvatia  cyatktfomUs:  A. — ^A  ring  showing  stimulation  of  native 

plants  inside  the  fruiting  zone.    B. — ^A  trench  through  fruiting  zone  of  C. 

cyaihtformis 246 

FlATB  36.  A. — A  ring  of  Cahatia  cyathtfonnis  producing  a  second  crop  of  puff- 
balls.  B. — ^A  laige  ring  formed  by  Lepiota  morganii,  showing  a  second 
crop  of  fruiting  bodies 246 

Plata  27.  A. — Three  stages  in  the  ripening  of  sporophores  of  Calvatia  cyalH- 
formis,  B. — Effect  of  a  ring  of  C  cyaihtformis  on  the  density  of  the  short- 
grass  sod.  C. — ^Three  fruiting  bodies  of  Lepiota  morganii  in  place  in  the 
fairy  rings  shown  in  Plate  aaB 246 

Platb  28.  A. — ^A  small  ring  formed  by  Agaricus  campesiris,  showing  a  total  of 
29  mushrooms.  B. — ^A  large  ring  of  Calvatia  polygonia,  showing  14  fruiting 
bodies 246 

Plata  29.  Calvatia  polygonia:  A. — ^Two  fresh  fruiting  bodies,  showing  the 
character  of  the  peridium  at  different  stages.  B. — ^An  old  fruiting  body 
dried  in  place,  showing  the  thick  peridium  scales.  C. — ^A  large  fruiting 
body  30  cm.  across,  which  for  some  reason  has  split  open  during  the  early 
growth  period 246 

Plata  30.  A. — ^The  effect  of  a  ring  of  Agaricus  tabularis  on  the  native  vegeta- 
tion. B . — ^A  ring  of  Caiastoma  subterraneum,  C. — ^A  very  small  ring  appar- 
ently caused  by  a  fungus  but  marked  only  by  a  more  luxuriant  growth  of 
Festuca  octoflora 246 
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Fl^TB  31  Cronartium  ribicola:  A. — ^A  tangential  section,  showing  strands  of 
hyphflp  among  the  white-pine  host  cells.  B. — ^A  haustorium  showing  the 
characteristic  bend  and  irregular  outline 286 
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Platb  47.   A. — Barley  leafblight,  showing  exudate  gathered  in  three  grayish 
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granules,  readily  dislodged 644 
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tone-beef agar  plate,  dilution  culture  from  bouillon 644 

PukTS  49.  A — Blighting  barley  culms  at  heading  stage.  B. — Barley  seed- 
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inoculation  with  strain  of  oiganism  isolated  from  a-year-old  seed 644 
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mal layer.  H. — Sderenchyma  celb.  I. — Sderenchyma  cells.  J. — 
Sderenchyma  celb  in  cross  section 676 
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Plate  55.  Poisoning  by  Eupatorium  urticaefolium:  A. — Sheep  368  on  Sep- 
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NATURAL    REPRODUCTION    FROM    SEED   STORED    IN 
THE  FOREST  FLOOR 

By  J.  V.  HoPMANN, 

Fartst  Examiner  in  Charge  of  Wind  River  Experiment  Station,  Forest  Service,  United 

States  Department  of  Agriculture 

PURPOSE  OF  THE  STUDY 

On  many  bums  and  xnit-over  areas  in  the  Douglas  fir  and  western 
white-pine  region  of  northwestern  Idaho,  Washington,  and  Oregon  there 
are  fotmd  dense  and  irregular  stands  of  young  growth,  the  origin  of 
which  can  not  be  traced  in  any  way  to  the  seed  trees  left  after  cutting 
or  burning.  The  eflFort  to  find  the  true  source  of  seed  of  these  stands 
b^;an  with  a  study  *  to  determine  the  efficiency  of  seed  trees  in  restock- 
ing the  ground  and  the  distances  to  which  seed  is  disseminated. 

Studies  on  the  Kaniksu  National  Forest  in  northern  Idaho  of  cut-over 
areas,  soifie  with  single  seed  trees  and  others  with  groups  of  seed  trees, 
brought  out  the  fact  that  western  white  pine  (Pinus  monticola  Dougl.), 
Douglas  fir  {Pseudotsuga  iaxifolia  [Lam.]  Butler),  western  red  cedar  (Juni- 
perns  ocdderUalis  Hook),  and  western  hemlock  (Tsuga  heierophylla  [Rof.] 
Sargent)  were  producing  satisfactory  stands  of  young  growth  for  a  dis- 
tance of  not  more  than  from  2  to  5  chains  from  the  seed  trees.  Instead 
of  being  blown  abundantly  over  large  areas,  the  seed  was  cast  in  suffi- 
cient stand-producing  quantities  within  a  radius  of  only  a  few  chains. 
This  is  illustrated  in  figure  i,  which  is  based  on  an  area  studied  two 
yesLTS  after  cutting. 

The  cut-over  area  shown  in  figure  i  contains  160  acres.  It  was  clear- 
cut,  blocks  of  seed  trees  (A,  B,  C,  and  D)  containing  from  2  to  4  acres 
each  being  left  to  reseed  the  area.  The  slash  was  left  broadcast  and 
burned  the  same  year  of  the  cutting.  A  very  severe  slash  fire  burned 
aver  all  of  the  cutting  except  area  E  in  the  northwestern  part  and  area 
F  in  the  southwestern  part.    The  whole  cutting  was  studied  by  running 

^  The  writer  began  the  study  of  teed  viability  and  factors  influencing  germination  at  the  CoDege  d  Por- 
cstnr.  nnivcrBity  of  Minneaota.  The  results  of  these  studies  are  to  be  published  as  a  bulletin  of  the  Uni- 
Tcnity  of  Minnesota.  He  wishes  gratefully  to  acknowledge  the  assistance  given  by  Mr.  D.  R.  Brewster, 
of  tfae  Forest  Service,  in  this  work;  also  the  valuable  aid  of  Mr.  C.  J.  Kiaebel,  Forest  Assistant,  Wind 
Wvcr  Bxperimcnt  Station,  in  analyzing  and  interi>reting  the  field  data. 
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transects  2}4  chains  apart.    The  striking  point  brought  out  by  the  study 
was  the  very  limited  distance  to  which  seed  was  being  carried  by  the 


Fio.  z.— Migratian  chart:  Graphic  representation  of  the  number  of  seedlings  per  acre  in  each  chain  distance 
from  seed  trees.  T.  57  N..  R.  5  W.,  Boise  M.,  sec  36.  Kaniksu  National  Forest.  Scale,  z6  incfacs^z 
mik.    W.  P.-^7hite  pine;  C.-cedar;  H.-hemlodc;  L.-larch;  D.  F. -Douglas  fir. 

wind.    The  distance  of  seeding  and  the  effect  of  the  slash  fire  are  shown 
in  Table  I. 

Table  I. — Average  number  of  seedlings  per  acre  at  various  distances  from  seed  trees  on 

burned  and  unburnned  slash 


Burned  slash. 

Unbumed 
slash. 

Species. 

Firtt 
chain. 

Second 
chain. 

Third 

AIIar«as 
beyond 
3  chains. 

Distances 
ol  3  or  more 

Western  white  pine 

5»6oo 
1,438 

187 
a66 
195 

40 

24 
20 

16 

274 
924 
854 

Western  red  cedar 

Western  hemlock 
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It  is  apparent  from  this  table  that  the  seed  trees  are  eflfective  for  a 
distance  of  only  2  chains  on  this  area,  and  that  reproduction  occurs  in 
unbumed  slash  without  relation  to  the  distance  from  seed  trees.  The 
limited  migration  from  seed  trees  threw  doubt  upon  the  accepted  theory 
that  wind-blown  seed  is  responsible  for  the  dense  stands  of  reproduction 
occurring  in  bums  at  distances  of  a  mile  or  more  from  seed-bearing 
trees.  If  the  seed  did  not  come  from  the  seed  trees,  then  it  must  have 
been  produced  before  the  bum  or  the  cutting  took  place,  and  must  have 
been  stored  in  the  duflf  of  the  forest  floor  or  in  cones.  Attention  there- 
fore was  directed  to  the  leaf  litter,  and  an  effort  was  made  to  ascertain 
whether  the  forest  floor  of  a  virgin  forest  contains  any  germinable  seed 
ci  western  white  pine  and  Douglas  fir.  It  was  found  that  the  duff  con- 
tains a  large  ntunber  of  germinable  seed,  which  might  remain  dormant 
there  for  a  number  of  years  and  which  evidently  germinates  and  results 
in  a  dense  stand  of  young  growth  as  soon  as  the  forest  is  cut  down  or 
burned  over  and  light  and  heat  are  admitted  to  the  ground. 

These  facts  led  to  a  comprehensive  study  of  large  bums,  particularly 
in  the  Douglas-fir  region  of  Washington,  and  of  cut-over  lands  in  the 
Puget  Sound  region.  The  bums  studied  were  divided  into  two  classes: 
Areas  burned  only  once  were  classed  as  "single  bums''  and  areas  burned 
twice  or  more  were  classed  as  ''repeated  bums.** 

The  results  of  the  5-year  study  from  191 2  to  191 6  are  based  on  surve)rs 
of  bums  comprising  about  750,000  acres,  of  which  68  acres  have  been 
actually  examined  by  the  transect  method,  and  about  7,780  acres  of 
cut-over  land,  of  which  22.25  acres  have  been  examined  by  the  transect- 
and-plot  method. 

RESTOCKING  OF  BURNS  BY  SEED  STORED  IN  THE   FOREST   FLOOR 

THB  COLUMBIA   BURN,   A   SINGLE  BURN  ON  WHICH  THE  DUFF  WAS  ONLY 
PARTLY   DESTROYED  BY  THE  FIRE 

The  Columbia  bum  (locally  known  as  the  Yacolt  bum),  extends 
northward  from  the  Columbia  River  on  the  Columbia  National  Forest 
in  southem  Washington.  The  Columbia  fire  bumed  over  an  area  of 
604,000  acres  in  the  foothills  on  the  west  side  of  the  Cascade  Mountains 
at  elevations  varying  from  500  to  4,000  feet  (PI.  i).  At  the  lower 
altitudes  the  forest  traversed  by  the  fire  was  the  well-known  Douglas- 
fir  type,  iiidiich  includes  the  associates,  western  hemlock,  western  red 
cedar,  westem  white  pine,  and  lowland  or  ''grand"  fir  (Abies  gtandis 
Lindl.).  Above  1,100  feet,  silver  fir  {Abies  amahUis  Forbes)  makes 
its  appearance,  and  then  noble  fir  {Abies  nobilis  Lindl.),  until  at  about 
3,000 or  3,500  feet  the  forest  developes  the  tme  fir  type,  composed  almost 
entirely  of  noble  and  silver  fir  with  a  slight  admixture  of  westem  white 
pine  and  Douglas  fir.  Pacific  yew  {Taxus  brevifolia  Nutt.)  is  distributed 
almost  throughout  the  forest,  avoiding  only  the  subalpine  summits  of 
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the  higher  ridges.  Dwarf  juniper  (Juniperus  communis  L.)>  on  the  other 
hand,  is  restricted  to  the  subalpine  summits. 

The  fire  occurred  from  September  8  to  12,  1902,  following  an  excep- 
tionally dry  season,  and,  driven  by  a  dry  southeast  wind,  traveled  from 
southeast  to  northwest.  So  far  as  can  be  determined  from  local  infor- 
mation, it  traveled  at  perhaps  a  maximum  rate  of  8  miles  an  hour  during 
the  time  it  was  doing  the  most  damage.  No  portion  of  the  area  has  been 
burned  over  by  a  second  fire. 

The  main  feature  that  is  now  of  interest  on  the  bum  is  the  good  stand 
of  young  growth  almost  uniformly  covering  the  area  and  of  the  same 
species  as  that  which  made  up  the  burned  forest.  The  presence  of 
this  reproduction  is  very  obvious  to  anyone  passing  through  the  area, 
but  the  reason  for  its  appearance  after  so  severe  a  fire  is  a  question  that 
has  always  been  open  to  conjecture.  The  problem,  then,  was  to  deter- 
mine the  history  of  the  reproduction  and,  so  far  as  possible,  to  account 
for  its  distribution. 

An  arbitrary  section,  chosen  to  include  Lookout  Mountain,  was  studied 
intensively  by  a  gridiron  system  of  east  and  west  belt  transects 
(PI.  2,  B).  These  were  run  2}/i  chains  apart  over  the  entire  section. 
Then,  with  this  section  as  a  hub,  an  arbitrary  township  surrounding  it 
was  studied  extensively.  For  this  study  eight  transects  were  run  radi- 
ally from  the  centers  of  the  four  sides  and  from  the  four  comers  of  the 
section  to  the  corresponding  points  in  the  township.  Wherever  a  solid 
body  of  green  timber  was  encountered,  the  transect  was  discontinued 
at  that  point.  These  belt  transects  served  effectively  to  disclose  the 
distribution  of  reproduction  over  the  entire  township.  The  plan  of  the 
survey  is  shown  in  figure  2.  The  lines  radiating  from  the  center  section 
represent  the  transects  which  were  run  in  making  the  tovmship  study. 

Bach  species  fotmd  on  the  Coltunbia  bum  is  discussed  separately. 

BSSD  TRBQS  LBFT  ON  TH0  BURN  ONLY  A  MINOR  1? ACTOR  IN  RSPRODUCnON  AFTBR  THB 

FIRS 

DouGi^AS  FIR. — ^The  Douglas-fir  records  bring  out  the  fact  that  there 
is  scarcely  any  young  growth  on  the  south  and  east  slopes  of  Lookout 
Mountain,  and  such  as  does  occur  is  confined  to  the  draws  below  the 
barren  slopes.  On  the  north  and  west  slopes,  however,  it  is  uniformly 
scattered.  This  distribution  of  the  young  growth  is  due  to  the  local 
topography.  The  fire  approached  the  mountain  from  the  southeast  and 
naturally  swept  up  these  slopes  with  unusual  intensity;  also  the  south 
and  east  slopes  were  hot,  dry  sites  after  the  fire,  and  were  consequently 
unfavorable  to  the  establishment  of  seedlings.  On  the  other  hand,  on  the 
north  and  west  slopes  the  opposite  of  these  conditions  obtained — ^that  is, 
the  fire  was  less  intense,  and  the  site  was  inherently  more  propitious  for 
seedling  growth. 
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The  most  significant  facts  brought  out  by  the  study  of  the  young 
growth  on  this  section  have  to  do  with  the  distribution  of  the  age  classes 
aad  their  relative  proportions,  as  shown  in  Table  II.  This  table  shows 
that  the  11 -year-old  class  includes  25  per  cent  of  all  Douglas-fir  seed- 
fings  found;  the  6-  to  10- year-old  class,  65  per  cent;  and  the  o-  to  5-year- 
old  dass,  10  per  cent. 

Tablb  II. — Classification  of  young  growth  on  section  of  Columbia  bum  studied^ 


S0ccies. 

Distance  from 
•eed  trees. 

Per- 
centace 
of  total 

area 

ined  in- 
cluded 
in  each 
dis- 
tance. 

Percentage     of     total 
number  of  seedlings 
found    within    each 
distance. 

Grand  total  percentage 
of  all  seedlings  found. 

Over  10 
years. 

fr-10 
years. 

o-S 
years. 

Over  xo 
years. 

6-10 
years. 

o-S 
years. 

Doiuglas  fir 

Ckoms, 
Over  10. . . . 
6-10 

Over  10 

6-10 

79.0 

9.7 

"•3 

loao 

61.  I 
48.1 
67.6 
15.8 

38.2 

33.3 
14.6 
84.2 

l8!6 
17.8 

25-3 
15.8 

93.9 
8a  I 
21.8 

64.6 
84.2 

3.5 
13.2 
65.6 

10.  I 

Western  white  pine 

0-5 

Noble  fir 

Over  10 

6-10 

^5 

Over  10 — 
6-10 

5r5 

Over  10 

6-10 

0-? 

64.  3 
2a  4 

56^6 

24.4 

19.0 

92.0 

8.0 

96.0 
9ao 

76.5 
87.9 

71- S 

III 

3.3 
5-4 
9-4 
la  2 
18.7 
22.9 
57.8 
76.9 

.7 
4.6 

14.  I 

It 

22.0 
5-4 

23-1 

2.6 

Silver  fir 

6.7 
12.6 

Western  hemlock 

a  Total  area  C9camined=sz8.6  acres. 

The  proportion  of  age  classes  tells  the  history  of  the  reproduction, 
showing  that  only  a  comparatively  small  percentage  of  the  total  Douglas- 
fir  reproduction  on  this  area  started  the  first  year  after  the  fire,  by  far  the 
greater  part  of  the  seed  germinated  during  a  period  of  from  2  to  6  years, 
and  very  little  germination  occurred  in  the  period  from  7  to  11  years. 
Tlie  decrease  of  germination  of  seed  throughout  the  section  after  the 
first  few  years  subsequent  to  the  bum  and  the  very  small  percentage  of 
the  young  age  classes  found  at  more  than  five  chains  from  seed  trees 
indicated  that  the  remaining  seed  trees  had  not  been  a  factor  in  the 
restocking  of  the  area. 

These  facts  are  supported  by  the  records  of  the  township  study  (Table 
III).  Although  the  Douglas  fir  which  germinated  the  first  year  after 
the  fire  was  more  than  half  the  total  Douglas-fir  germination,  the  small 
percentage  of  germination  after  the  sixth  year  following  the  fire  was 
evidence  that  the  remaining  seed  trees  were  not  casting  seed  over  the 
bum,  because  germination  conditions  were  still  favorable  when  ex- 
amined 1 1  years  after  the  fire. 
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Table  lll.-^Uusification  of  young  growth  on  township  of  Columbia  hum  studied*^ 


Specks. 


Douglas  fir 

Western  white  pine . . 

Noble  fir 

Silver  fir 

Western  hemlock 


Distance  from 
seed  trees. 


Chains. 

Over  ID. 
6-IO. . . . 

jrs 

Over  ID. 
6-IO 

?:5 

Over  lo. 
6-IO 

p-s 

Over  lo. 
6-IO 

jrs 

Over  ID. 

6-IO 

0-5 


Per- 

ccntase 
of  total 

area 
exam- 
ined  in- 
cluded 
in  each 

dis- 
tance. 


89.9 
4.6 

5 


^: 


I.  o 

89.7 

U 

85.  a 
5-5 

78.4 

9-3 

".3 


Percentase  of  total 
number  of  seedlings 
found  witfain  eadi 
distancr. 


Over  xo    6-10 


years. 


8a6 
6&5 
54.9 
25-3 
aa  o 
2a  o 
94.1 
9a  9 
67.  3 
93-5 
75- o 
8ao 
26.5 
25-0 
19-3 


years. 


7.0 
14.4 
13-4 
74.7 
80.0 
80.0 

30 
2.  2 
8.8 

5-1 
25.0 
2a  o 

45-8 
51.6 


years. 


12.4 
17.  I 
31-7 


2.9 

6.9 

24.  o 

1.4 


2a  5 
29.  2 
29. 1 


Grand  total  percentage 
of  all  seedlings  found. 


Over  xo 
years. 


55- o 
-24.  o 
91.4 
92.  o 
24.4 


6-xo 
years. 


33-2 
76.0 

3-7 
6.8 

51-7 


years. 


II.  8 


4.9 


23-9 


a  Total  area  examined  —  33.35  acres. 

The  section  and  township  records  demonstrate  that  the  occurrence 
of  the  age  class  o  to  5  years  is  limited  to  the  vicinity  of  seed  trees  or  to 
localities  which  are  topographically  within  the  influence  of  these  trees. 
Trees  on  a  hillside  above  a  canyon  disseminated  their  seed  over  a  wider 
range  of  territory  than  trees  on  level  land,  since  the  seed  could  be  blown 
both  down  into  the  canyon  over  the  nearer  slope  and  also  across  to  the 
opposite  slope. 

There  are  no  Douglas-fir  seed  trees  on  the  section,  except  a  single 
broken-topped  one,  but  there  are  Douglas-fir  seed  trees  within  two  or 
three  chains  of  the  northeast  boundary  of  the  section  on  the  northwest 
slope  of  Little  Lookout  Mountain.  These  are  from  100  to  300  feet  above 
the  areas  containing  the  o-  to  5- year-old  class  of  reproduction;  hence,  it 
is  entirely  possible  that  they  are  responsible  for  the  occurrence  of  this  age 
class  in  the  northern  part  of  the  section.  The  limited  distribution  of 
the  o-  to  5-year-old  class,  with  reference  to  seed  trees  and  topography,  is 
consistent  throughout  the  section  and  is  particularly  conspicuous  at 
several  points  in  the  township  (fig.  2). 

The  transect  from  the  west-central  point  of  the  section  passes  within 
two  chains  of  green  timber.  The  influence  of  this  timber  is  shown  in 
figure  2  by  the  occurrence  of  the  o-  to  5- year-old  class  for  a  distance  of  a 
few  chains  in  the  immediate  vicinity  of  the  seed  trees  in  Texas  Gulch. 
The  remainder  of  the  transect  has  a  scattered  stand  of  reproduction  of 
the  older  classes,  a  very  dense  stand  occurring  in  Poison  Gulch  almost 
I  mile  from  the  nearest  seed  trees.     This  same  condition  is  illustrated 
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on  the  southwest  transect,  where  the  young  growth  of  the  older  classes 
is  very  heavy  along  the  north  slope  of  Bear  Creek  Canyon  at  a  distance 
of  more  than  a  mile  from  the  nearest  Douglas  fir  timber.  The  occurrence 
in  this  locality  of  a  small  group  of  living  trees  (noble  fir)  demonstrates 
the  abatement  of  the  fire  as  a  feature  coincident  with  the  subsequent 
occurrence  of  dense  reproduction.  The  importance  of  the  relation 
between  the  severity  of  the  fire  and  the  amount  of  subsequent  reproduc- 
tion is  developed  later.  As  the  transect  approaches  the  timber  at  the 
top  of  the  ridge,  older  seedlings  are  again  very  scattered,  and  it  is  only 
very  close  to  the  edge  of  the  timber  that  the  younger  seedlings  begin  to 
appear  at  all.  This  peculiar  distribution  of  the  reproduction  can  be 
observed  on  all  of  the  transects,  and  shows  very  definitely  that  the 
green  timber  remaining  after  the  fire  has  had  very  little  influence  on  the 
general  occurrence  of  the  Douglas  fir  reproduction  over  the  bum. 

Noble  fir. — ^The  noble-fir  records  for  the  section  bring  out  the  same 
points  as  the  Douglas  fir  records,  but  in  a  more  striking  way  because 
the  site  was  more  suited  to  noble  fir  than  to  Douglas  fir.  It  is  noticeable 
that  the  reproduction  of  this  species  is  distributed  in  good  stands  with 
remaiiuible  uniformity  over  most  of  the  section,  in  spite  of  the  fact 
that  there  are  two  well-defined  groups  of  seed  trees  within  the  section. 
One  departure  from  this  uniformity  is  the  scarcity  of  seedlings  on  the 
high  south  and  east  slopes  of  Lookout  Mountain,  which  is  undoubtedly 
due  to  the  dr)aiess  of  the  site  and  the  direction  of  the  fire.  On  the  west 
and  south  slope  of  the  mountain  extremely  dense  stands  occur,  amount- 
ing in  several  places  to  20,000  or  30,000  seedlings  per  acre. 

There  is  another  departure  from  the  uniformity  of  the  noble-fir  repro- 
duction which  is  inconspicuous  but  very  significant.  This  is  the  restricted 
distribution  of  the  age  class  o  to  5  years,  which  is  limited  either  to  the 
proximity  of  the  groups  of  seed  trees  or  to  favorable  situations  downhill 
from  these  trees.  Even  in  such  places  the  yotmg  class  fotms  only  a 
small  percentage  of  the  total  reproduction,  and  decreases  rapidly  with 
the  increase  in  distance  from  the  seed  trees.  These  facts  can  not  be 
construed  otherwise  than  to  indicate  that  the  seed-tree  groups  are  not 
casting  their  seed  for  any  great  distance,  in  most  cases  only  from  2  to 

On  the  other  hand,  the  older  classes,  especially  the  11 -year  class, 
occur  at  distances  of  from  10  to  50  chains  from  the  groups  of  seed  trees. 
Over  the  whole  section  almost  94  per  cent  of  all  noble-fir  reproduction 
started  the  first  year  following  the  fire,  less  than  4  per  cent  in  the  next 
five  years  following  the  fire,  and  only  2.5  per  cent  later  than  six  years, 
most  of  this  latter  being  within  5  chains  of  seed  trees  (Table  II). 

The  township  study  shows  that  noble  fir  occurs  on  all  of  the  areas 
on  which  it  grew  before  the  fire.  Some  parts  of  the  bum  are  below 
the  noble-fir  zone,  and  for  that  reason  do  not  show  any  noble-fir  repro- 
duction.   Wherever  the  species  does  occur  in  the  township,  it  was 
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found  that  the  proportion  of  age  classes  is  practically  the  same  as  in 
the  central  section,  over  90  per  cent  being  in  the  11 -year-old  class. 
The  distribution  of  the  age  classes  with  reference  to  seed  trees  was 
found  to  exhibit  the  same  peculiarities  as  were  found  in  the  section — 
namely,  the  seedlings  tmder  5  years  old  are  found  only  in  the  vicinity 
of  seed  trees,  seedlings  from  6  to  10  years  old  are  more  widely  distributed 
over  the  bum,  seedlings  11  years  old  are  foimd  everywhere  in  the  bum 
where  noble  fir  formerly  grew,  often  forming  dense  stands  at  great 
distances  from  seed  trees  that  survived  (Table  III). 

These  facts  show  clearly  that  all  the  young  growth  could  not  have 
come  up  from  the  seed  scattered  by  the  seed  trees  which  have  survived 
the  fire.  The  restricted  distribution  of  the  youngest  seedlings,  which 
so  definitely  points  to  their  having  originated  from  the  seed  trees,  makes 
it  impossible  to  attribute  all  of  the  older  classes  to  the  same  source. 
Had  both  classes  come  from  the  same  seed  source  they  would  of  necessity 
have  exhibited  the  same  distribution. 

Silver  fir. — The  silver-fir  records  resemble  in  every  respect  those 
of  the  noble  fir.  In  the  same  groups  with  the  noble  fir  there  are  some 
silver-fir  seed  trees,  the  influence  of  which  is  about  the  same  as  described 
for  the  noble  fir.  The  silver  fir  is  fovmd  on  all  sites  in  the  township 
where  it  occurred  in  the  forest  before  the  fire,  although  the  silver-fir  zone 
is  still  more  limited  than  that  of  the  noble  fir  to  higher  elevations  and 
cooler  slopes. 

Western  hemlock. — ^The  area  studied  as  a  whole  is  above  the  western 
hemlock  zone,  but  young  growth  occurs  in  several  localities,  although 
usually  in  sparse  stands.  The  important  point  about  the  hemlock 
reproduction  is  that  bumed  hemlock  trees  were  found  in  every  locality 
where  stands  of  hemlock  reproduction  occurred,  and  the  relative  pro- 
portion of  hemlock  reproduction  to  other  species  is  approximately  the 
same  as  the  proportion  of  hemlock  in  the  original  forest.  For  example, 
the  transect  running  from  the  northwest  comer  of  the  section  goes 
through  a  dense  stand  of  hemlock  reproduction  at  about  half  a  mile 
from  the  nearest  green  timber.  This  is  a  favorable  hemlock  site,  and  the 
bumed  forest  consisted  of  approximately  10  per  cent  of  hemlock.  This 
same  circumstance  is  again  evident  on  the  southeast  transect  at  approxi- 
mately half  a  mile  from  the  nearest  seed  trees.  On  this  transect  it  is  also 
important  to  note  that  the  heavy  stand  of  reproduction  does  not  continue 
to  the  green  timber;  on  the  contrary,  there  is  practically  no  reproduction 
for  20  chains  from  the  green  timber.  These  facts  argue  strongly  against 
the  theory  that  the  seed  source  of  such  isolated  reproduction  is  the  green 
timber  which  escaped  the  fire. 

Western  white  pine. — Western  white  pine  does  not  naturally  form 
pure  stands  in  the  Cascade  Mountains  of  Washington;  but  individual 
trees  or  very  small  groups  of  this  species  do  regularly  occur  in  the  forests 
throughout  the  region.    The  section  and  township  data  for  white  pine 
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show  a  fairly  umform  but  scant  distribution  of  reproduction  of  this 
species  over  the  entire  bum,  repeating  with  remarkable  fidelity  the 
distribution  of  the  species  in  the  forest  before  the  fire. 

A  striking  fact  is  brought  out  by  a  study  of  the  proportions  of  the  age 
classes.  There  was  a  total  absence  in  the  bum  of  seedlings  under  5 
years  old  (Tables  II  and  III).  The  older  classes,  however,  although 
sparse  in  numbers,  were  uniformly  distributed  over  the  township  without 
any  relation  to  the  location  of  possible  seed  trees.  These  facts  show 
clearly  enough  that  germination  and  establishment  of  white  pine  in  the 
open  bum  ceased  alto- 
gether after  the  year  1908.  ^  ^4r 
This  cessation  of  the 
appearance  of  white-i»ne 
repnxiucticai  was  not  ab- 
rupt but  gradual,  and  is 
shown  graphically  in  figure 
3  by  a  simple  curve  based 
upon  the  averages  of  the 
age-dass  percentages  for 
white  pine  in  both  section 
and  township. 

The  stop  in  the  appear- 
ance of  white-irine  seed- 
lings occurred  in  spite  of 
the  fact  that  the  possible 
wfaite-inne  seed  trees  in 
the  township  continued  to 
produce  seed  during  the 
four  yeais  from  1909  to 
191 2,  and  were  carrying 
acrop  of  cones  at  the  time 
they  were  examined  in 
August,  1913.  Moreover, 
the  conditions  for  germi- 
nation apd  establishment  on  white-pine  sites  over  the  entire  area  were  still 
favorable  in  1913,  and  had  no  doubt  been  equally  favorable  during  the 
previous  four  years.  If,  then,  the  existing  white-pine  reproduction  in  the 
bum  is  attributed  to  seed  transported  from  surrounding  seed  trees,  why, 
in  the  Hght  of  the  foregoing  facts,  was  there  no  continued  migration 
and  establishment  during  1909  to  1913? 

In  this  connection  it  should  be  remembered  that  there  were  very  few 
living  white-pine  trees  within  the  township,  and  that  these  potential 
seed  trees  were  always  situated  within  stands  of  mature  timber  so  that 
the  chance  for  seed  distribution  by  wind  was  extremely  small.    More- 
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Flo.  3.— Curve  showing  the  genniiuition  of  whhe-pine  seed  in  the 
CohnnUa  bitm  zz  yean  after  the  fire.  Note  that  15  percent  of 
the  seeds  germinated  the  first  3rear  after  the  fire  as  shown  by  the 
zz-3rear-old  dass;  the  maadmum  germination  of  25  per  cent  of  the 
seed  occurred  the  third  year  after  the  fire,  shown  by  the  9-year- 
old  class,  and  genninatioa  ceased  entirely  six  years  after  the  fire. 
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over,  with  this  species,  as  with  all  others,  the  reproduction  is  uniformly 
scattered  over  the  township  without  any  relation  to  the  nearness  or 
distance  of  the  possible  seed  trees.  Especially  noticeable  in  this  con- 
nection are  the  west,  southwest,  and  south  township  transects,  where 
white-pine  reproduction  over  5  years  old  occurs  at  a  distance  of  120 
chains  from  the  nearest  seed  trees.  The  exceptional  quantity  of  white- 
pine  reproduction  near  the  end  of  the  southeast  township  transect  occurs 
on  a  very  favorable  white-pine  site,  where  the  presence  of  white-pine 
snags  proved  that  this  species  had  formed  an  .unusual  percentage  of  the 
original  forests.  In  this  particular  instance  the  mature  forest  contained 
about  5  per  cent  of  white  pine,  while  the  reproduction  now  constitutes 
ID  per  cent  of  the  stand. 

It  is  obvious  that  some  source  of  seed  other  than  the  seed  trees  which 
escaped  the  fire  is  respolisible  for  the  occurrence  of  white-pine  repro- 
duction in  the  bum. 

Pacific  yew  and  dwarf  juniper. — In  the  case  of  Pacific  yew  and 
dwarf  juniper  the  theory  of  wind  migration  of  seed  to  great  distances  is 
still  more  open  to  question.  The  important  fact  emphasized  by  the 
study  of  these  heavy-seeded  species  is  that  reproduction  is  found  only 
in  localities  where  the  trees  occurred  in  the  original  forest.  Before  the 
fire  Pacific  yew  was  scattered  throughout  the  area,  and  after  the  fire  the 
reproduction  was  found  always  directly  under  or  beside  fire-killed  yew 
snags.  Dwarf  juniper  on  the  summit  of  Lookout  Mountain  grows  dose 
to  the  gnarled  mats  of  dead  jtmiper  shrubs  and  could  be  found  nowhere 
else  in  the  entire  township. 

This  peculiar  and  consistent  limitation  of  occurrence  argues  against 
the  possibility  of  regarding  such  reproduction  as  the  result  of  seed 
deposited  by  birds.  If  birds  were  the  agents  of  migration,  the  repro- 
duction would  have  been  found  elsewhere  than  in  the  immediate  vicinity 
of  yew  snags  or  dead  jtmiper  shrubs.  Careful  examination  of  the  fire- 
kiUed  specimens  of  both  yew  and  jtmiper  determined  beyond  doubt  that 
they  did  not  live  through  and  produce  seed  after  the  fire;  moreover, 
there  are  no  green  trees  of  seeding  age  of  either  species  left  within  the 
burned  areas.  Neither  of  these  sources  of  seed,  therefore,  can  be  held 
responsible  for  the  reproduction  of  yew  and  jumper  in  the  Qolumbia 
btun. 

THE  DUPP,  THB  PRINCIPAL  PACTOR  IN  RBPRODUCTION  APTKR  THB  PIRB 

The  foregoing  facts  first  cast  a  doubt  upon  the  long-accepted  theory 
of  the  restocking  of  large  forest  bums  by  the  process  of  wind  migration 
and  finally  proved  it  untenable.  As  the  study  progressed  and  this  fact 
grew  steadily  more  convincing,  there  arose  naturally  the  question, 
"What  was  the  source  of  seed  for  all  this  reproduction?"  The  answer 
to  this  question  also  developed  naturally  through  the  accumulation  of 
evidence  throughout  the  bum.     It  was  found  that  the  reproduction 
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most  often  occurred,  not  in  a  solid  unbroken  cover,  but  in  various- 
sized  patches  with  very  irregular  and  ramifying  boundaries.  Where  the 
reproduction  was  lacking,  the  ground  was  covered  with  grasses,  herbaceous 
{rfants,  and  shrubs,  evidencing  an  uninterrupted  growth  since  the  bum 
was  formed.  The  occurrence  of  these  two  tjrpes  erf  cover  made  an  inter- 
laced pattern  resembling  mosaic  over  the  entire  bum,  although  each  tyi^ 
often  expanded  soUdly  over  a  slope  or  basin  many  acres  in  extent. 
Everywhere  the  feature  that  was  most  striking  was  the  sharp  Une  of 
demarcation  between  the  reproduction  and  the  grass  areas.  For  all  its 
tortuous  windings  the  boundary  was  alwa)rs  distinct.  Obviously  such  a 
condition  could  not 
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have  resulted  from  any 
process  of  overhead 
seeding,  but  must  rath- 
er have  been  produced 
by  some  action  on  the 
surface  of  the  ground 
itself.  The  idea  erf 
ground  fire  suggested 
itself.  One  who  has 
seen  ground  fire  burn- 
ing in  forest  duff  will 
remember  that  it  bums 
very  inegulaily,  here 
leaving  an  island  and 
diere  forming  a  deep 
bay  between  two  points 
of  unbumed  ground. 
When  at  length  the 
smoldering  fire  is 
stopped,  the  result  is 
just  such  a  mosaic  of 
burned  and  unbumed 
territory  as  has  been 
described  for  the  re- 
production and  grass  territory.  A  representative  spot  in  the  Coliunbia 
bum  is  shown  on  Plate  2,  A,  and  the  sketch  in  figure  4  is  a  graphic 
portrayal  of  the  same  spot. 

The  likelihood  that  any  part  of  the  forest  floor  will  bum  depends  on 
a  number  of  var3dng  factors,  such  as  the  quantity  and  kind  of  humus 
soil  and  its  moisture  content.  Favorable  conditions  for  a  grotmd  fire 
are  shown  in  Plate  2,  C,  and  the  results  of  ground  fire  in  Plate  2,  D. 
Most  severe  grotmd  fires  occur  on  dry  sites,  provided  those  sites  have  a 
soflBcient  quantity  of  duff  to  carry  fire  at  all.  Accordingly  the  repro- 
duction occurs  most  densely  in  the  moist  sites  and  is  open  or  lacking  on 
c]q)0sed  dry  sites,  although  this  may  be  partly  due  to  the  fact  that  these 


Fio.  4. — Oround  plan  of  the  spot  shown  in  Plate  a.  A.  Ihe  ooof  orm- 
ance  of  this  irregular  boundary  line  with  the  erratic  margm  of 
ordinary  ground  fire  is  dearly  evident.  Constant  rQ>etition  of 
this  feature  over  the  entire  Columbia  bum  could  lead  to  but  one 
conclusion,  that  where  ground  fire  burned  there  resulted  no  re- 
production, excepting  in  proximity  to  living  seed  trees. 
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dry  sites  are  very  unf  avorabk  to  the  establishment  of  seedlings  even  though 
germination  may  take  place.  Furthermore,  irr^^larity  in  the  areas  of 
yoimg  growth  occurred  on  all  sorts  of  sites.  This  could  lead  to  but  one 
conclusion:  wherever  ground  fire  occurred  no  reproduction  appeared, 
except  dose  to  seed  trees  where  seed  could  be  cast  upon  the  burned  grotmd 
after  the  fire. 

From  this  it  was  but  a  step  to  the  complete  explanation:  wherever  the 
duff  and  litter  were  burned  out  of  the  forest  floor,  there  developed  an 
area  barren  of  reproduction;  wherever  the  duflF  and  litter  were  not  burned 
out  of  the  forest  floor,  there  developed  an  area  of  more  or  less  dense 
reproduction.  Therefore,  the  duflF  must  be  the  controlling  element :  the 
duff  must  be  the  storage  medium  of  the  seed,  and  that  seed  must  have 
been  produced  and  stored  in  the  forest  floor  before  the  fire  and  have 
retained  its  viability  through  the  fire. 

Before  this  conclusion  is  accepted,  however,  another  possible  source 
of  seed  must  be  considered.  Is  it  not  possible  that  cones  carried  through 
the  fire  on  the  crowns  of  trees  severely  burned  or  killed  furnished  the  seed 
from  which  the  young  growth  originated  ?  After  the  fire  these  cones  may 
possibly  have  opened  and  dispersed  their  seed,  becoming  in  that  way 
an  overhead  source  for  the  restocking  of  the  bum.  In  fact,  a  very  small 
percentage  of  germination  of  white-pine,  noble-fir,  and  cedar  seed  has 
been  secured  from  seed  which  passed  through  a  crown  fire.  But  even 
though  this  source  does  contribute  some  seed,  it  does  not  explain  the  great 
mass  of  reproduction,  which,  by  its  mosaic  occurrence,  demonstrates 
conclusively  the  impossibility  of  its  having  come  from  overhead  seed 
distribution  subsequent  to  the  fire.  The  principal  factor  in  reproduc- 
tion after  fire  must  be  the  seed  stored  in  the  duff. 

UPPER   CISPUS   BURN,    A   SINGLE   BURN   ON  WHICH  THE    DUFF  WAS  COM- 
PLETELY DESTROYED  BY  THE  FIRE 

In  an  area  on  the  Upper  Cispus  River,  Rainier  National  Forest,  burned 
in  1 910,  there  was  no  reproduction  except  in  the  vicinity  of  seed  trees; 
and  the  seedlings  were  more  numerous  dose  to  the  edge  of  blocks  of  seed 
trees  than  at  a  distance,  which  is  invariably  the  condition  where  migra- 
tion occurs  from  wind-blown  seed.  This  is  a  typical  example  of  an  area 
made  barren  by  a  single  fire  which  completely  destroys  the  duff  and 
thereby  precludes  the  possibility  of  reproduction  from  seed  stored  in  the 
forest  floor.  The  complete  destruction  of  the  duff  may  have  been  due 
not  so  much  to  sm  unusually  intense  fire  as  to  the  extreme  lightness  of  the 
dry  volcanic  soil  of  the  region,  which  is  easily  "burned  out"  by  ground 
fire.  The  conditions  found  on  this  area  corrorborate  the  conclusions 
reached  in  the  study  of  the  Columbia  bum.  Where  the  duff  is  com- 
pletely burned,  reproduction  is  found  only  in  inverse  numerical  proportion 
to  the  distance  from  seed  trees. 
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AKBAS,  PART  OF  WHICH  AR^  SINGLE  BURNS  AND  PART  RBPEATBD  BURNS 

The  studies  of  the  Columbia  bum  in  1913  established  the  fact  that 
most  of  the  reproduction  which  follows  a  single  bum  is  due  to  seed 
which  was  stored  in  the  forest  floor  before  the  fire  and  which  retained 
its  viability  through  the  fire.  Very  often,  however,  burned  areas  are 
again  burned,  and  the  second  fire  creates  many  complications  of  the 
factors  which  influence  reproduction  subsequent  to  a  single  bum.  In 
order  to  find  out  the  reason  for  the  presence  or  absence  of  reproduction 
following  repeated  bums,  areas  on  the  Rainer  National  Forest  burned 
over  in  1864,  1874,  1892,  1902,  and  1910  were  studied. 

Cowi^rrz  burn. — ^The  Cowlitz  area  was  burned  in  1902,  and  the  north- 
eastern part  was  rebumed  in  1910.  The  original  forest  consisted  of 
Douglas  fir,  noble  fir,  western  red  cedar,  western  hemlock,  and  western 
white  pine. 

The  most  striking  feature  of  this  bum  is  the  fairly  uniform  distribu- 
tion of  reproduction  of  all  age  classes  and  species  on  the  portion  of  the 
area  binned  only  once,  as  shown  by  Table  IV. 

TablS  IV .—Classification  of  young  growth  on  Cowlitz  area  after  the  hum  of  igo2<i 


Per- 
centage 
of  total 


Distance  from 
•eed  trees. 


cxam< 
ined  in- 
cluded 
in  each 
dis- 
tance. 


Over  xo 
years. 


Pcrcentase  of  total 
number  of  secdlmss 
found  within  eadi 
distance. 


6-xo 
years. 


0-5 
years. 


Over  10     6-xo 


Grand  total  percentage 
of  all  wffdiings  found. 


years. 


years. 


Douglas  fir 

Western  white  pine 

Noble  fir 

Western  hemlock. . 
Western  red  cedar. . 


Ckahu. 
Over  10. 
6-10 

jrs 

Over  10. 
6-10 

5rs 

Over  10. 
6-10. . . . 

Over  10. 
6-10. . . . 


37-5 
52-9 
9.  6 
100 


16.5 

19.  6 

24.  2 

4.8 


45-5 
45-3 
36.3 
67.0 


38.0 
35-1 
39-5 


f^S 

Over  10. 

6-10 

,0-5 


36.2 

57-2 

6.6 

36.2 

58.1 

5-7 

50-5 

42.9 

6.6 


33.3 
4a  o 
20.  o 

18.7 

19.  2 
10.  5 
23.4 
22.  2 
7-4 


40.9 
36. 1 
4a  o 

34.7 
2a  o 

30-7 
53-2 
49.1 
27.8 


25.8 

33-9 
4a  o 

46.6 

6a8 

58.8 

23-4 
28.7 
64.8 


35.1 
4.8 

37-7 
17.  6 
2a  8 


56.8 
67.0 
37.4 
26.3 

47-4 


8.x 
28.2 
24.9 
56.  X 
31.8 


«  Total  area  examined  —  5.X5  acres. 

The  uniformity  of  distribution  of  each  age  class  and  the  large  per- 
centages of  the  o-to-5  and  6-to-io-year-age  classes  seemed  at  first  to 
indicate  restocking  by  the  remaining  seed  trees  after  the  fire.  White 
pine  snags  were  found  on  the  burned  area,  and  green  white-pine  trees 
were  found  in  canyons  and  at  elevations  var3dng  from  300  to  400  feet 
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below  the  area  studied  and  well  inside  the  mature  stand  of  timber; 
yet  the  white-pine  reproduction  is  found  up  to  the  highest  points  of  the 
bum,  which  are  from  800  to  1,000  feet  above  where  the  green  white- 
pine  trees  were  found  (PI.  4,  A).  It  is  very  evident,  therefore,  that 
the  white-pine  reproduction  could  not  be  due  to  seed  produced  by  the 
seed  trees  remaining  after  the  fire,  but  must  have  sprung  up  from  the 
seed  in  the  ground  that  survived  the  fire.  Seed  trees  of  the  other 
species  were  found  on  the  edge  of  the  remaining  green  timber  at  higher 
elevations  than  the  bum,  and  therefore  could  bring  about  the  restocking 
of  the  ground  by  these  species.  Since,  however,  the  influence  of  seed 
trees  on  the  1910  bum,  which  rebumed  a  portion  of  this  1902  bum,  was 
found  to  be  very  local,  the  part  which  the  seed  trees  played  after  the 
first  bum  in  restocking  the  ground  becomes  questionable  (PI.  4,  B). 
The  effect  of  the  seed  trees  of  the  different  species  on  the  second  bum 
is  shown  in  Table  V.  As  can  be  seen  from  this  table,  the  influence  of 
seed  trees  extended  only  for  from  2  to  4  chains. 

TablB  V. — Distribution  of  seedlings  on  Cowlitz  area  after  the  bum  of  igio 
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aSo 

80 

1,640 

3, 120 


340 
o 

I30 
300 


40 

o 

80 
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None  of  the  white-pine  seed  trees  left  on  the  1902  bum  which  might 
have  influenced  the  area  of  the  1910  bum  were  killed  by  the  1910  fire, 
though  it  bumed  closer  to  them  than  the  1902  fire.  Yet  no  white-pine 
seedlings  followed  the  1910  bum,  while  white  pine  reproduction  of  all 
age  classes  came  in  on  the  1902  bum.  This  would  indicate  that  the  seed 
trees  had  little  influence  on  the  restocking  of  the  ground  after  the  1902 
fire. 

Mount  Adams  burn. — ^Northward  and  westward  from  Mount  Adams 
there  lies  an  extensive  stretch  of  burned  country,  embracing  altogether 
no  less  than  the  equivalent  of  three  full  townships,  and  probably  much 
more.  The  greater  part  of  this  area  was  apparently  only  once  burned 
and  is  now  a  standing  forest  of  weather-bleached  snags.  The  rest  of  the 
area  represents  a  much  older  bum.  It  bears  evidence  of  being  irregularly 
rebumed  and  includes  large  barren  stretches  of  semiarid  appeamnce  with 
only  decayed  stumps  and  the  crumbling  remains  of  logs  to  suggest  the 
existence  of  a  former  forest. 
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On  the  area  burned  only  once  in  1892  almost  all  of  the  timber  was 
kifled.  Occasional  patches  in  such  places  as  near  a  marsh  or  spring  were 
left  imbumed.  The  fire-killed  trees  still  stand,  most  of  them  retaining 
their  branches  and  some  of  them  even  fragments  of  their  bark.  These 
are  indications  of  a  killing  but  not  a  consuming  fire.  The  area  has  very 
much  the  appearance  of  the  Columbia  bum,  with  one  striking  and  con- 
sistent difference.  Where  the  Columbia  bum  has  a  fairly  dense  and  gen- 
erally satisfactory  cover  of  reproduction,  the  Mount  Adams  bum  has 
very  sparse  and  inadequate  reproduction.  The  average  per  acre  of  all 
species,  based  on  80  contiguous  acres,  was  436  seedlings  per  acre  on  the 
C6lumbia  bum  and  56  seedlings  per  acre  on  the  Mount  Adams  bum. 
This  lack  of  seedUngs  in  the  Mount  Adams  bum  is  apparently  due  to  the 
fight  volcanic  soil,  which  causes  a  drier  forest  floor  and  consequently  a 
more  complete  consumption  of  the  litter  and  duff  by  an  average  fire. 

The  composition  of  the  reproduction  actually  found  in  the  Mount 
Adams  bum  is  as  follows: 

Percent. 

/Noble 35 

Silver 31 

Whitebark  (Pinus  albicaulis  Engelm . ) . .      9 

Western  white 8 

Lodgepole  (Pinus  murrayana) 5 


True  firs 66 

Pines 23.6 


Other  species. . .     la  4 


Western  yellow  (Pinus  ponderosa  Laws)  i.  6 

Western  hemlock 9 

Engleman    spruce    {Picea   engelmanni  1 

Eneelm.). 

Douglas  fir o.  4 


There  is  every  reason  to  believe  that  the  composition  of  the  forest 
before  the  fire  was  closely  in  accord  with  these  figures,  although  it  was 
not  possible  to  check  this  absolutely.  The  distribution  of  this  reproduc- 
tion over  the  bum  was  fairly  even,  with  the  natural  exception  that  in 
the  vicinity  of  green  timber  where  the  fire  had  obviously  abated  there 
was  the  usual  fringe  of  dense  reproduction. 

That  the  distribution  of  reproduction  was  found  to  be  independent  of 
the  location  of  possible  seed  trees  indicates  that  here,  as  on  the  Columbia 
bum,  the  source  of  much  of  that  reproduction  must  have  been  seed 
stored  in  the  forest  floor  previous  to  the  fire.  This  fundamental  point  is 
especially  emphasized  in  the  case  of  whitebark  pine,  which  was  found 
throughout  the  bum. 

Whitebark  pine  produces  a  heavy  winged  seed,  but  the  wing  is  retained 
on  the  cone  scale  when  the  seed  is  liberated,  hence  the  distance  of  wind 
migration  is  very  limited.  However,  seedlings  were  found  at  distances 
of  more  than  a  mile  from  the  nearest  seed  trees. 

A  peculiar  feature  of  the  occurrence  of  these  whitebark  pine  seedlings 
gave  an  early  clue  to  a  convincing  explanation  of  their  presence  so  far 
from  seed  trees.  Throughout  the  bum  they  were  found  most  often 
occurring  in  little  clumps  containing  from  3  to  15  seedlings,  and  occa- 
sionally as  many  as  18  were  found  in  a  clump.  The  seedUngs  in  such 
7765*'— 17 2 
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clumps  were  always  closely  btinched,  growing  usually  within  a  space  of 
only  2  or  3  inches  in  diameter.  They  were  most  often  found  springing 
from  between  the  spreading  roots  of  snags  dose  to  the  trunks.  In  age 
the  seedlings  varied  from  i  to  i6  years,  but  alwaj^  the  individuals  of  a 
clump  were  of  the  same  age  or  within  a  year  of  the  same  age.  From  the 
location  of  many  of  the  clumps  at  the  bases  of  snags  and  from  the  fact 
that  the  seed  is  known  to  be  a  favorite  food  of  rodents,  it  appears  that 
the  seeds  were  buried  by  rodents.^  Since  the  seedlings  occur  often  at 
distances  of  over  a  mile  from  seed  trees  of  this  species  and  since  rodents 
would  not  be  likely  to  carry  seeds  to  all  parts  of  the  bum  for  such  dis- 
tances, it  is  believed  that  the  seeds  were  buried  either  before  or  immedi- 
ately after  the  fire. 

The  yoimg  seedlings  from  i  to  5  years  old  must  therefore  be  remarkable 
examples  of  delayed  germination.  Having  been  buried  approximately 
in  1892  and  having  germinated  in  191 3  these  seeds  of  whitebark  pine 
exhibit  the  retention  of  viability  through  a  storage  period  of  21  years. 
Several  features  of  the  cone  and  seed  are  calculated  to  aid  in  this  delayed 
germination.  The  hard,  thick-scaled  cone  is  admirably  adapted  as  a 
storehouse  and,  when  sealed  by  the  heat  of  a  forest  fire,  no  doubt  serves 
eflfectively  to  preserve  the  seed.  Before  the  seed  can  germinate,  the  cone 
must  first  open  or  disintegrate.  When  buried  deeply  (as  by  rodents)  in 
a  sealed  cone,  the  seed  will  naturally  be  most  favorably  placed  for  pro- 
tracted storage.  Finally,  the  seed  itself  is  large,  and  is  well  protected 
by  a  thick,  hard  seed  coat.  It  is  very  well  equipped  both  to  resist  the 
agents  of  disintegration  from  without  and  to  retain  life  within.  Of  all 
the  species  dealt  with,  it  should  prove,  and  has  proved,  to  be  among 
those  which  are  able  to  retain  their  germinability  for  the  longest  period. 

The  rebumed  area  was  strikingly  different  from  the  area  burned  only 
once.  It  was  apparent  that  the  fire  here  had  been  much  more  severe, 
because  the  area  was  noticeably  bare  of  snags.  Such  snags,  stumps,  and 
logs  as  were  present  were  also  in  a  much  more  advanced  state  of  decay. 
The  reproduction  in  this  region  was  markedly  confined  to  the  areas  only 
once  burned,  or  at  most  to  those  which  were  visited  by  one  severe  fii« 
followed  after  a  long  interval  by  one  or  more  surface  fires.  The  repro- 
duction on  such  areas  was  very  open,  but  was  occasionally  dense  enough 
to  make  a  satisfactory  cover.  Named  in  the  order  of  their  numerical 
importance,  the  species  represented  were  lodgepole  pine,  hemlock  (western 
and  mountain),  western  white  pine,  whitebark  pine,  noble  fir,  and  others. 
These  covered  a  range  of  ages  from  i  to  38  years,  with  possibly  some  older 
trees  which  were  seeding  vigorously  (PI.  5,  B,  C).  It  was  impossible  to 
fix  the  age  of  the  original  fire  closer  than  between  39  and  40  years,  which 
would  place  it  approximately  in  the  year  1875. 

1  Cachinc  of  whitebark-pine  seeds  by  blue  jays  has  been  noted  by  C.  G.  Bates  at  the  Pronoot  Bzperi- 
mcnt  Station  in  Colorado. 
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The  reason  for  such  sparse  reproduction  and  for  its  location  in  patchy 
areas  must  be  sought  in  the  fact  that  in  1892  a  second  severe  fire  swept 
through  the  bum  of  1875  in  an  irregular  width,  as  most  fires  do. 

The  reproduction  on  the  area  swept  over  by  fire  for  the  second  time 
averages  less  than  one  seedling  per  square  rod,  and  even  this  figure  is 
exaggerated  by  the  occurrence  of  whitebark  pine  seedlings  in  clumps  of 
from  6  to  14  in  a  single  spot.  There  are  many  areas  several  acres  in 
extent  which  are  absolutely  bare  of  coniferous  growth. 

Although  these  areas  are  now  dry  and  inhospitable  to  tree  growth,  the 
occasional  tall,  standing  snags  which  have  escaped  destruction  attest  by 
their  size  that  a  forest  of  real  value  once  occupied  the  ground. 

Similar  conditions  were  found  on  the  East  Canyon  Creek  area  where  a 
1910  bum  followed  a  1902  fire.  On  this  area  the  source  of  scattered 
seedlings  i  to  3  years  old  was  demonstrated  to  be  seed  produced  by  a  few 
young  trees  which  had  escaped  the  previous  fire  and  had  now  just  reached 
seeding  age.    One  such  tree  is  shown  in  Plate  5,  A. 

The  reproduction  found  on  scattered  areas  which  have  escaped  the 
second  fire  suggest  that  after  the  first  fire  the  entire  bumed-over  area, 
wherever  the  duff  was  not  completely  burned  out,  must  have  had  a 
similar  reproduction.  Since  the  second  fiire  occurred  17  years  later  or 
before  the  young  stand  could  produce  a  large  amount  of  seed  and  before 
the  ground  provided  favorable  conditions  for  seed  storage,  there  was  no 
stored  seed  from  which  a  new  stand  could  come  up,  and  therefore  the 
area  covered  by  the  second  fire  resulted  in  a  barren.  This  point  is  more 
clearly  brought  out  in  the  Tower  Rock  bum. 

TowBR  Rock  burn. — ^The  Cispus  fire  of  1902  bumed  in  two  distinct 
age  classes  of  forest,  one  a  mature  Douglas-fir  forest  previously  untouched 
by  fire  and  the  other  a  second-growth  stand  of  pole  size  of  almost  pure 
Douglas  fir  about  40  years  old.  The  results  which  followed  in  the  two 
cases  were  strikingly  different. 

In  the  mature  Douglas-fir  forest  the  conditions  after  the  bum  repeated 
practically  the  conditions  found  on  the  Columbia  bum.  There  was  here 
the  same  occurrence  and  distribution  of  dense  and  sparse  reproduction 
independent  erf  the  position  of  seed  trees;  there  was  the  same  proportion 
of  age  classes  in  the  reproduction,  evidencing  the  greatest  germination 
during  one  or  two  years  after  the  fire;  there  was  the  same  alternation  of 
patches  of  the  original  brush  cover  and  reproduction,  outlining  the  limits 
of  irr^ular  ground  fire.  There  was,  moreover,  abundant  proof  of  the 
inadequacy  of  survived  seed  trees  to  restock  a  bumed  forest  area  of  large 
extent.  There  were  left  on  this  bum  numerous  groups  of  living  seed 
trees  ci  Douglas  fir  and  minor  species  ideally  placed  for  a  study  of  their 
seeding  influence.  In  spite  of  the  most  favorable  conditions  of  site  for 
the  germination  and  establishment  of  seedlings,  it  was  invariably  found 
that  I-,  2-,  and  3-year-old  seedlings  were  limited  to  a  radius  of  3  and 
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4  chains  from  such  seed  trees.  On  the  other  hand,  seedlings  lo  and 
II  years  old  were  found  everywhere,  even  at  the  maximum  distance 
from  seed  trees  attainable  in  the  area,  12  chains  (PI.  6,  A). 

The  destruction  of  a  portion  of  the  pole-sized  stand  of  Douglas  fir 
(PI.  6,  B)  by  the  lire  of  1902  produced  peculiar  conditions.  When  ex- 
amined in  September,  191 4,  the  ground  was  occupied  by  a  dense  cover 
of  deciduous  shrubs  and  fern  which  grew  up  through  a  network  of  dead- 
down  logs  of  small  diameter.  Reproduction  occurred  on  this  area  in 
spite  of  the  heavy  brush  cover,  but  it  was  comparatively  scarce.  The 
reproduction,  in  its  struggle  against  the  surrounding  brush,  developed 
the  tall,  lank  ** shade  form"  common  to  any  thicket  or  forest-grown 
plant  (PI.  7,  A).  The  older  seedlings  occurred  independently  of  the 
position  of  seed  trees,  but  showed  a  tendency  to  be  limited  to  moist 
sites,  such  as  draws  and  hollows,  where  the  germination  and  establish- 
ment conditions  were  most  favorable  immediately  after  the  fire.  The 
younger  seedlings  (2  to  5  years  old),  however,  showed  an  increase  in 
density  in  the  neighborhood  of  seed  trees.  Several  seedlings  of  this  class 
were  found  dead  as  a  result  of  excessive  drouth  and  heat  in  open  spots, 
but  they  were  rarely  found  either  living  or  dead  at  distances  over  6  chains 
from  seed  trees. 

The  occurrence  of  two  distinct  age  classes  of  seedlings  and  their  position 
in  the  bum  with  reference  to  seed  trees  indicate  here  again  the  action  of 
two  sources  of  seed — namely,  survived  seed  trees  and  the  unbumed  duflf 
of  the  forest  floor.  The. reasons  for  the  failure  of  seed  trees  to  restock 
the  bum  have  been  discussed  before.  The  scarcity  of  seedlings  from 
dufif-stored  seed,  however,  presented  a  problem  peculiar  to  this  bum. 
The  dense  cover  of  shrubby  and  herbaceous  growth  on  the  area  might 
serve  to  account  for  a  scarcity  or  absence  of  seedlings  from  '*  wind-blown  " 
seed,  but  it  will  not  account  for  the  scarcity  of  stored-seed  seedlings. 
Reproduction  from  stored  seed  as  a  rule  starts  at  the  same  time  as  the 
bmsh  on  the  bum  and  does  not  come  in  after  the  brush  has  taken  posses- 
sion of  the  ground.  Hence,  it  has  merely  to  hold  its  own  in  height  growth 
with  the  bmsh;  and  this  it  has  frequently  proved  itself  able  to  do. 

The  reason  for  the  scarcity  of  reproduction  from  duff-stored  seed 
must  be  sought  in  the  condition  of  the  stand.  The  fire  burned,  not  in  an 
old  virgin  forest,  but  in  a  very  young  forest,  which  was  itself  successor 
to  a  burned  mature  forest.  The  earlier  fire  (i860)  killed  most  of  the 
veteran  trees  which  were  the  chief  source  of  seed  stored  in  the  forest 
floor.  From  the  stored  seed  of  the  old  forest  there  resulted  a  thrifty 
second  growth  of  almost  pure  Douglas  fir.  How  complete  this  stand 
was  could  not  be  determined;  it  is  likely  that  there  were  openings  result- 
ing from  ground  fire  in  parts  of  the  original  bum.  In  1902,  at  an  age  when 
this  young  forest  was  seeding  but  long  before  it  had  been  able  to  re- 
establish most  favorable  conditions  of  the  forest  floor  for  the  duff  storage 
of  its  seed,  this  forest,  too,  was  destroyed  by  fire.    In  the  hot  fire  of  1902 
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9ome  of  the  duff  was  undoubtedly  burned,  and  consequently  some  of  the 
stored  seed.  The  result  of  this  combination  of  circumstances  was  the 
occurrence,  as  was  found,  of  scattered,  inadequate  reproduction  amid 
a  rank  growth  of  deciduous  brush  and  weeds.  The  reproduction  was 
more  plentiful  in  moist  or  depressed  spots.  These  had  an  accumulation 
of  duff  which  in  a  large  measure  escaped  the  ground  fire  and  provided 
most  favorable  conditions  for  the  germinatk>n  and  establishment  of 
seedlings  after  the  fire. 

The  findings  on  the  bums  studied  on  the  Rainier  National  Forest  cor- 
roborated those  established  on  the  Columbia  bum.  They  brought  out 
also  additional  facts  regarding  the  effect  of  the  conditions  of  the  original 
stand  upon  the  reproduction  that  follows  after  the  fire. 

When  reproduction  which  follows  a  bum  is  destroyed  by  fire  before  it 
reaches  seeding  age,  a  denuded  area  results  if  the  area  lies  outside  the 
influence  of  seed  trees. 

Where  a  stand  of  young  growth  is  destroyed  by  fire  shortly  after  it  has 
reached  seeding  age,  the  result  is,  as  a  mle,  a  thin  stand  of  reproduction. 
If  the  fire  is  severe  enough  to  destroy  all  seed  stored  in  the  forest  floor  or 
in  cones,  then  it  results  also  in  a  barren.  The  reason  for  the  light  repro- 
duction is  found  in  the  small  accumulation  of  duff  since  the  previous 
fire  and  the  greater  liability  to  drouth  and  consumption  by  fire,  and  in 
the  small  accumulation  of  seed  in  the  duff  owing  to  the  limited  seed 
production  by  the  young  trees. 

The  sparseness  or  entire  lack  of  reproduction  after  a  second  fire  in  a 
young  stand  of  timber  leads  to  the  conclusion  that  the  source  of  seed  from 
which  the  reproduction  originated  after  the  first  fire  was  already  on  the 
area  and  did  not  come  from  outside;  it  points  also  to  the  great  danger  of 
fires  in  young  stands  of  timber  before  they  have  begun  to  bear  plentifully 
and  before  normal  leaf  litter  has  accumulated  on  the  ground  as  a  storage 
reservoir  for  the  seed. 

GERMINATION  OF  SEED  STORED  IN  DUFF 

The  accumulation  of  seed  in  the  forest  floor  is  no  longer  a  theory,  but 
has  been  found  to  be  an  actual  condition  by  an  analysis  of  the  duff,  which 
revealed  from  >^  to  2  full  seeds  of  Douglas  fir,  western  white  pine,  and 
associated  species  per  square  foot.  Of  course,  the  age  of  these  seeds 
could  not  be  determined,  and  the  depth  to  which  they  were  buried  can 
not  be  taken  as  an  index  as  to  how  long  they  had  been  there.  Very 
probably  the  greatest  factor  in  storing  seed  is  rodent  activity,  by  which 
seeds  are  buried  at  various  depths  and  forgotten. 

The  accumulation  of  seed  over  a  period  of  years  can  prove  advanta- 
geous only  if  the  stored  seed  retains  its  viability.  With  regard  to  this, 
each  species  possesses  a  dormancy  habit  of  its  own,  and  these  habits 
have  been  growing  more  familiar  to  the  forester  through  nursery  observa- 
tion and  experiment.     Douglas  fir  sown  in  seed  spots  has  been  found 
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to  yield  higher  germination  during  the  third  season  than  during  the  first 
and  second  seasons  combined.  In  the  Wind  River  Nursery  seed  bed, 
germination  of  Douglas  fir  has  continued  through  three  seasons.  West- 
em  white  pine  has  often  produced  better  germination  during  the  second 
season  after  sowing,  even  under  the  best  germinating  conditions.^ 
Jimiper  is  difficult  to  germinate  without  special  treatment.  To  some 
extent  the  rate  of  germination  in  nursery  seed  beds  is  controlled  by  the 
depth  of  soil  cover. 

With  conditions  such  as  these  obtaining  in  regular  nursery  practice, 
it  is  not  at  all  surprising  that  germination  should  be  delayed  under  the 
forest  cover.  The  cool  shaded  layers  of  leaf  mold  and  general  duflf  of  the 
forest  floor,  which  in  the  virgin  Cascade  forests  seldom  feel  the  warmth 
of  the  sun,  constitute  an  ideal  natural  storage  medium.  Under  con- 
ditions so  unfavorable  to  germination  and  so  favorable  to  its  retardation, 
it  can  ea^ly  be  imagined  that  the  germination  of  forest  tree  seeds  can  be 
delayed  to  the  limits  of  their  various  powers  of  dormancy. 

On  the  Columbia  bum,  owing  to  the  probability  of  seed  accumulation 
for  several  years  and  to  the  possibility  of  there  having  been  a  general 
seed  year  just  previous  to  the  fire,  it  was  not  possible  to  determine 
absolutely  how  long  the  seed  lay  dormant.  However,  from  the  year  of 
the  fire  until  the  date  of  germination  (deduced  from  the  age  of  seedlings 
found)  the  various  species  showed  unquestionably  the  following  periods 
of  delayed  germination  :* 


Yean. 

Douglas  fir 6 

Noble  fir 3 

Silverfir 5 

Western  hemlock 6 


Years. 

Western  white  pine 6 

Pacific  yew 10 

Dwarf  juniper 10 


Delayed  germination  is  believed  to  explain  the  proportions  of  age 
classes  of  the  reproduction  found  in  the  open  bums.  Occasionally, 
however,  single  seedlings  from  i  to  4  or  5  years  old  were  found  growing 
at  great  distances  from  seed  trees  in  the  midst  of  uniformly  older  repro- 
duction. The  presence  of  these  "erratics"  was  at  first  a  disturbing 
element,  until  it  was  decided  that  their  presence  could  be  accounted 
for  by  some  one  of  the  factors  generally  conceded  to  be  responsible  for 
the  occurrence  of  scattered  individuals  of  a  species  far  beyond  the  nor- 
mal range  of  that  species,  such  as  the  occurrence  of  occasional  western 

>  In  this  cannection  attentioa  may  well  be  called  to  the  ddajred  gerxninatioa  experienced  at  the  Feather 
River  Forest  £xi>eriment  Station  and  the  Pilgrim  Creek  Nursery  in  California  with  the  seeds  of  redwood 
{S•^^ofa  S€mP*roirms{ljuanA>\  BmiL).  white  fir,  incense  cedar  {LSnctdrus  decwrens  tart.),  and  sugar  pine 
(Ptm^x  lambertsana  Dougl.)  when  sown  in  the  nursery.  Often  the  seomd  season  has  produced  more 
germination  than  the  first,  when  the  seeds  were  spring  sown. 

According  to  Mr.  S.  B.  Show,  seed  spotting  in  northern  CaBlomia  with  sugar  pine,  Jeffrey  pine  (Pinus 
jejBfreyO,  and  western  yellowtpine  has  produced  very  little  or  no  germination  the  first  season,  whereas  the 
second  season  a  number  of  seedlings  were  found  in  the  seed  q>ots,  and  sugar  pine  has  produced  a  good  stand 
from  germination  the  third  season  after  sowing. 

*  The  ability  of  seed  to  retain  its  viability  is  shown  further  fay  the  results  of  Beal  (1-5);  Bwart  (6); 
Harrington  (7);  Nobbe  and  Haenlein  (8);  Rees  (9);  and  others,  although  their  wock  was  not  with  forest- 
tree  seed. 

Reference  is  made  by  number  to  "  Literature  dted."  p.  96. 
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ydkw  pines  in  the  true  Douglas-fir  t)^e  of  the  west  slope.    These 
agendes  need  only  be  stated  to  be  understood. 

Whirlwinds. — Sudden  powerful  gusts  of  wind  with  unusual  lifting  power  cany  a 
iew  seeds  of  almost  any  species  to  great  distances. 

Birds. — ^Birds  deposit  undigested  seeds  at  long  distances  from  the  parent  trees. 
This  is  e^>ecially  true  of  migratory  birds,  which  move  when  seeds  are  ripe  and  most 
likely  to  be  eaten. 

Animals. — Animals  transport  seeds  in  their  ftir  or  caked  in  the  mud  of  their  feet. 

The  influence  of  these  agencies  is  recognized  by  such  authorities  as 
Strassburger,  Clements,  and  by  ecologists  generally.  The  common 
xcurrence  of  juniper  (Jumperus  virginiana  L.)  and  black  elder  {Sam- 
bricus  canadensis)  along  the  fence  rows  of  the  Eastern  States  is  a  typical 
example  of  seeds  distributed  by  birds.  Moreover,  an  added  possibility, 
in  the  Eght  of  the  conclusions  of  this  study,  is  that  occasional  individual 
seeds  may  possess  very  tmusual  powers  of  dormancy  and  so  cause  the 
appearance  of  i-  and  2-year-old  seedlings  as  late  as  10  or  15  years  after 
their  deposit  in  the  forest  floor. 

A  storage  test  in  the  forest  floor,  under  the  forest  canopy,  of  seeds  of 
Douglas  fir,  silver  fir,  noble  fir,  western  red  cedar,  western  white  pine, 
and  western  hemlock  is  in  progress  at  the  Wind  River  Forest  Experi- 
ment Station.  These  tests  have  passed  through  one  season  with  no 
germination  tmder  the  forest  canopy,  which  indicates  favorable  storage 
conditions.  At  the  b^^inning  of  the  second  season  germination  tests 
showed  that  the  seeds  of  all  the  species  used  were  still  viable.  This  is 
conclusive  evidence  that  reproduction,  which  follows  a  bum  of  all  these 
species,  is  not  dependent  on  the  seed  crop  which  is  produced  during  the 
season  in  which  the  fire  occurs. 

Seeds  recovered  from  the  forest  floor  have  not  been  germinated  by 
the  writer.  However,  Mr.  D.  R,  Brewster,*  in  charge  of  the  Priest 
River  Experiment  Station,  in  northern  Idaho,  has  recovered  westem- 
white-pine  seed  from  the  forest  floor  in  about  the  same  amount  and  has 
secured  a  germination  of  from  2  to  20  per  cent  of  the  total  ntunber  of 
seeds  found.  The  striking  thing  about  the  germination  is  that  even 
with  ideal  greenhouse  conditions  the  larger  percentage  occurred  during 
the  second  year.  Seeds  gathered  as  mentioned  above  showed  the  proba- 
bility of  from  20,000  to  80,000  seeds  per  acre  and  a  germination  of  from 
400  to  16,000  per  acre;  more  than  this  number  of  seedlings  has  been 
actually  fotmd  on  bums.  These  facts  readily  explain  the  occurrence  of 
dense  stands  of  reproduction  regardless  of  seed  trees. 

With  this  stored  seed  in  the  forest  floor,  let  there  come  a  forest  fire 
which  destroys  completely  the  forest  cover  over  a  vast  area  and  leaves 
no  seed  trees,  but  in  its  rapid  sweep  fails  to  cover  all  of  that  area  with 
ground  fire.  The  main  storage  bulwark,  the  chief  refrigerant,  the  tree 
canc^y  itself  with  its  secondary  undergrowth  has  been  removed;  and 
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the  stark,  dead  forest  of  snags  offers  just  sufficient  protection  from  the 
sun's  heat  and  excessive  evaporation  to  make  of  the  forest  floor  an  ideal 
germinating  bed.  The  dormant  seeds,  bedded  in  the  unbumed  dufif, 
are  stirred  to  life  and  respond  to  the  stimulus.  Germination  proceeds 
for  each  species  in  a  manner  peculiar  to  itself;  the  true  firs  crowd  over 
90  per  cent  of  their  total  germination  into  the  first  season  after  the 
removal  of  the  forest;  white  pine  reaches  its  highest  figure  during  the 
third  season;  hemlock  shows  a  similar  tendency;  and  Douglas  fir  germi- 
nates probably  less  than  half  its  seed  during  the  first  season. 

A  few  years  after  the  fire  the  greening  of  the  hills  in  the  Columbia 
bum,  with  a  mantle  of  reproduction,  arrested  the  attention  and  aroused 
the  wonder  of  those  who  had  taken  for  granted  that  this  was  to  be  a 
"denuded"  bum,  because  of  its  large  extent  and  the  thoroughness  of 
the  burning.  The  occupation  of  the  bum  by  reproduction  was  not  a 
gradual  creeping  out  from  the  surrounding  bodies  of  green  timber,  but 
a  sudden  taking  possession  of  the  entire  area.  In  ordinary  wind  migra- 
tion 1 1  years  (the  age  of  this  bum)  would  have  sufficed  for  only  the  be- 
ginning of  a  process  of  reforestation  that  would  take  generations  to  com- 
plete. Yet  within  5  years  the  duff -stored  seed  had  clothed  fully  80  per 
cent  of  the  Columbia  bum  with  a  satisfactory  tree  cover. 

CUT-OVER  AREAS:  THE  EFFECT  UPON  RESTOCKING  OF  BURNING 
SLASH  AND  OF  LEAVING  SLASH  UNBURNED 

The  conclusions  reached  with  r^;ard  to  the  source  of  seed  f  ix)m  which 
reproduction  starts  on  bums  have  been  corroborated  by  the  study  of 
cut-over  lands  about  Puget  Sound  during  1915  and  1916.  In  the  Douglas- 
fir  region  covered  by  this  study  the  slash  is  left  broadcast  and  almost 
invariably  bumed.  Thus,  a  study  of  cut-over  areas  is  only  another  step 
in  the  study  of  bums,  and  covers  a  fire  which  is  more  severe  on  the  sur- 
face because  of  the  debris  left  by  logging  operations. 

On  one  area  cut  over  in  1914,  bumed  in  the  spring  of  1915,  and  left 
covered  with  blackened  logs  and  ashes,  cones  of  cedar  and  hemlock  were 
found  almost  everywhere  buried  in  the  unbumed  duff.  The  cones  were 
papery  and  almost  decayed,  but  they  were  still  intact  in  shape  and  con- 
tained seeds  with  firm  endosperm.  Throughout  this  bum  there  were 
small  islands  which  had  escaped  burning  and  which  contained  large 
numbers  of  cedar  and  Douglas-fir  seedlings  germinated  in  the  fall  of  191 5. 
These  islands  of  reproduction  demonstrate  the  presence  of  seed  over 
the  area  previous  to  the  1915  fire,  and  show  that  if  the  slash  had  not  been 
bumed  the  area  would  have  been  covered  with  a  good  stand  of  repro- 
duction of  the  same  species  as  the  original  forest  and  in  about  the  same 
proportion. 

Reproduction  forming  a  satisfactory  stand — that  is,  300  or  more  seed- 
lings per  acre — ^was  not  found  more  than  4  chains  from  green  timber, 
and  usually  only  2  chains  in  localities  where  the  stand  depended  entirely 
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upon  seed  produced  after  the  bum.  On  one  area  which  had  burned  over 
twice  no  reproduction  followed  the  second  bum.  The  patches  which 
escaped  the  second  fire  have  good  reproduction  of  Douglas  fir,  cedar, 
and  hemlock  of  age  classes  which  indicate  they  germinated  shortly  after 
the  cutting,  while  the  area  rebumed  supports  only  occasional  seedlings. 
These  seedlings  very  likely  are  due  to  seeds  carried  in  by  winds  or  animals 
after  the  second  bum. 

At  Esperance,  Wash.,  south  of  Martha  Lake,  a  20-year-old  stand  of 
good  reproduction  was  foimd  following  a  single  slash  fire  (PI.  7,  C).  The 
debris  was  only  partially  consumed,  and  evidences  of  a  rather  light  bum 
were  apparent.  At  Bitter  Lake,  south  of  Esperance,  a  good  stand  of 
reproduction  9  years  old  occurred  in  a  slash  area  covered  by  a  single 
fire.  The  remaining  stumps  and  logs  are  only  fire  scarred  and  burned 
lightly — evidences  of  a  light  slash  fire.  This  stand  of  reproduction  oc- 
curred at  distances  of  8  chains  and  more  from  green  seed  trees.  Another 
area  in  this  locaUty  burned  by  a  severe  slash  fire  had  a  dense  stand  of 
reproduction  at  8  or  10  chains  from  seed  trees. 

Excellent  stands  of  reproduction  20  years  old,  Douglas  fir  principally, 
with  scattered  western  red  cedar  and  western  hemlock,  occurred  along 
the  Edmonds  Road  about  }4  niile  east  of  the  Pacific  Highway.  These 
are  examples  of  reproduction  in  unbumed  slash  following  cuttings. 
The  stands  are  great  distances  from  green  seed  trees,  and  the  even-aged 
dass  estabUshes  the  fact  that  they  all  followed  within  a  few  seasons 
after  cutting.  The  fact  that  no  evidences  of  a  slash  fire  and  no  seed  trees 
were  found  at  the  time  of  the  study  indicates  that  no  seed  trees  were  in 
the  area  after  cutting.  Had  there  been  any  seed  trees  left  after  cutting, 
they  would  still  be  there,  since  only  a  small  percentage  of  trees  left  after 
cutting  are  wind-thrown  in  this  r^on. 

The  results  secured  by  the  study  of  cut-over  areas  were  not  so  definite 
as  those  obtained  on  bums  in  virgin  stands.  The  exact  history  of  the 
areas  could  not  be  obtained,  without  which  the  interpretation  of  results 
•  was  difficult  and  in  many  instances  impossible.  The  history  <rf  bums 
m  virgin  forests  can  usually  be  definitely  determined;  but  the  complex 
conditions  generally  prevailing  in  cut-over  areas  as  a  result  of  man's 
operations,  are  as  a  rule  difficult  to  analyze  and  often  impossible  of  in- 
terpretation. Final  results  in  this  field  can  be  obtained  only  by  means 
of  the  permanent  plot,  the  complete  history  of  which  is  known. 

CONCLUSIONS 

The  study  of  bums  and  cut-over  areas  in  the  Douglas-fir  region  of  the 
Pacific  Northwest  has  brought  out  the  following  facts: 

(i)  The  distance  to  which  seed  trees  are  capable  of  restocking  the 
ground  is  limited  to  from  150  to  300  feet.  They  can  not,  therefore, 
account  for  the  restocking  of  the  large  bumed  areas. 
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(2)  The  irr^jular,  dense  stands  of  young  growth  are  due  to  seed 
stored  in  the  forest  floor  or  in  cones.  This  seed  retains  its  viability 
through  the  fire  and  is  responsible  for  the  dense  reproduction  that 
springs  up  after  the  first  fire. 

(3)  The  even-aged  stands  of  reproduction  immediately  following  a 
fire,  r^ardless  of  location  of  remaming  seed  trees,  the  irregular  alter- 
nation of  dense  stands  of  reproduction  with  grass  areas,  and  the  failure 
of  reproduction  on  areas  burned  over  by  a  second  fire  before  the  stand 
reaches  seeding  age  or  by  constuning  all  of  the  duff  and  precluding  any 
possibiUty  of  seed  remaining  after  the  fire,  all  point  to  the  seed  stored 
in  the  duff  as  the  principal  soturce  of  seed  responsible  for  the  restocking. 

(4)  The  ability  of  the  seed  to  retain  its  viability  when  stored  in  the 
duff  or  when  retained  in  cones  dtuing  fires  has  been  further  demon- 
strated by  recovering  and  germinating  seed  from  duff  under  forest  con- 
ditions and  by  recovering  and  germinating  seed  from  cones  which  passed 
through  a  crown  fire. 

PRACTICAL  VALUE  OF  THE  RESULTS 

The  fundamental  facts  of  seed  storage  and  viability  brought  out  by 
this  study  have  thrown  new  light  on  the  whole  question  of  natural 
reproduction. 

The  even-aged  second  growth  stands  of  Douglas  fir  which  are  the 
general  rule  throughout  the  Pacific  Northwest  are  due  to  seed  stored 
in  the  ground.  It  has  been  clearly  shown  that  these  even-aged  stands 
could  not  be  produced  by  the  seed  scattered  by  the  remaining  seed 
trees.  The  distance  of  effective  migration  during  each  generation  is 
usually  only  from  150  to  300  feet,  var3dng  with  the  adaptation  of  the 
seed  for  wind  distribution.  Migration  due  to  other  agencies  than  wind 
is  respondble  for  individual  seedlings  far  from  the  parent  tree.  Such 
individual  seedlings,  however,  are  of  no  practical  significance  in  restock- 
ing large  areas. 

The  establishment  of  a  forest  by  means  of  wind-disseminated  seed  • 
is  a  slow  process;  and  with  only  this  means  of  succession  practically 
all  of  the  large  bums  would  be  denuded  areas  or  would  support  but  a 
few  scattered  trees,  until  several  generations  of  these  trees,  grown  with- 
in these  areas,  could  again  restock  them.  This  would  inevitably  pro- 
duce an  uneven-aged  and  irregular  forest;  yet  the  stands  which  follow 
most  of  the  bums  are  even-aged.  When  a  forest  is  destroyed  by  fire 
or  cutting  and  is  replaced  simultaneously  over  large  areas,  the  succes- 
sion depends  upon  the  seed  produced  at  the  time  of  or  before  the  de- 
stmction  of  the  forest  and  the  abiUty  of  the  seed  to  retain  its  viability 
throu^  the  period  of  destmction,  whether  by  fire  or  cutting.  This 
form  of  succession  is  the  replacement  of  a  forest  almost  immediately 
by  the  same  species  which  comprised  the  original  stand  and  usually  in 
the  same  proportions. 
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Since  the  seed  must  be  produced  by  the  stand  before  it  is  destroyed, 
the  age  at  which  different  species  begin  to  produce  seed  is  of  the  utmost 
importance.  It  varies  greatly,  and  this  variation  alone  is  often  the 
controlling  factor  in  determining  the  composition  of  the  second  growth. 
For  example,  when  western  white  pine,  Douglas  fir,  and  knobcone 
pine  {Pinus  attenuata  Lemmon.)  appear  in  a  mixed  stand  which  is 
destroyed  by  fire,  all  of  these  species  may  again  appear  in  the  next 
stand;  but  if  this  second  growth  is  destroyed  by  fire  when  it  is  from  10 
to  12  years  old  the  next  stand  will  consist  principally,  if  not  wholly,  of 
knobcone  pine.  The  knobcone  pine  b^;ins  producing  seed  when  it  is 
6  years  old  and  is  producing  good  crops  of  seed  at  10  years;  while  the 
white  pine  and  Douglas  fir  bear  only  occasional  cones  at  ages  under  12 
years.  Therefore  the  knobcone  pine  is  the  only  species  which  has 
any  seed  present  to  produce  a  forest  stand  following  the  second  fire. 
Instances  of  such  t3rpes  are  the  knobcone  pine  t3rpes  on  the  Siskiyou 
National  Forest. 

For  this  same  reason,  fires  which  destroy  young  growth  before  it  is  of 
seeding  age  invariably  produce  a  denuded  area  by  precluding  any  pos- 
sibility of  immediate  reproduction;  hence,  the  great  need  for  fire  pro- 
tection in  young  stands  of  timber.  Areas  of  immature  stands  when 
destroyed  by  a  second  fire  can  be  restocked  only  by  the  slow  process  of 
wind  disseminated  seed.  Hence,  the  viability  and  dela)^  germination 
oi  forest  seeds  serves  to  explain  many  conditions  in  the  virgin  forest  and 
its  reestablishment  after  one  or  more  fires.  The  nature  and  severity  of 
the  fire  and  the  age  of  the  forest  are  shown  to  be  the  principal  factors  in 
determining  whether  reproduction  will  or  will  not  follow  a  bum  in  a 
virgin  forest. 

The  practical  value  of  stored  seed  in  the  forest  floor  for  restocking 
cut-over  areas  depends  on  the  condition  in  which  the  forest  floor  is  left 
after  cutting.  As  has  been  shown,  the  duff  must  not  be  burned  or  all 
of  the  seed  is  destroyed.  In  order  to  avoid  the  destruction  of  the  duff, 
it  is  necessary  to  pile  the  slash  and  bum  the  piles  when  the  fire  will  not 
spread  over  the  entire  surface  of  the  ground.  This  method  has  proved 
satisfactory  in  the  white-pine  r^on  of  Idaho,  where  piling  of  slash  is 
feasible.  In  the  Douglas-fir  region  of  the  coast  the  piling  of  slash  would 
not  be  practicable  because  of  the  large  amount  of  d6bris  and  the  conse- 
quent cost.  The  large  percentage  of  the  surface  which  would  of  neces- 
sity be  burned  over  even  by  pile  burning  would  reduce  the  value  of  the 
operation  for  conserving  seed  stored  in  the  duff,  which  is  usually  all 
destroyed  by  broadcast  btuning  of  slash. 

In  r^;ions  where  broadcast  burning  of  slash  is  the  only  practical 
method  of  disposing  of  the  debris  left  after  logging,  the  seed  trees  after 
all  may  have  to  be  depended  upon  to  reseed  the  area,  in  which  case  it 
will  be  necessary  to  know  just  how  much  seeding  can  be  expected  from 
such  seed  trees. 
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Areas  with  about  two  seed  trees  left  for  every  3  acres  have  been 
studied,  but  the  results  are  questionable  because  the  age  classes  and 
distribution  of  seedlings  which  came  in  after  the  slash  fire  indicated  that 
the  seedling  originated  from  stored  seed.  In  order  to  determine  the 
effect  of  seed  trees,  the  complete  history  of  the  area  will  have  to  be 
obtained  by  the  permanent-plot  method. 
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PLATE  I 

A  general  view  of  a  representative  portion  of  the  Yacolt  Bum  of  1902,  Columbia 
National  Forest,  looking  southward  from  Lookout  Mountain.  The  entire  biun  covers 
a  total  of  604,000  acres.  Mount  Hood  is  shown  on  the  horizon  30  miles  distant;  the 
gorge  of  the  Columbia  River  in  the  upper  left  comer.  No  green  timber  is  in  sight, 
yet  there  is  reproduction  growing  among  the  snags  over  this  entire  area.  Photo- 
graphed by  Wemstedt,  191a. 


Digitized  by 


Google 


Reproduction  from  Seed  Stored  In  the  Forest  Floor  PLATE  I 


ioumal  of  Agricultural  Research  Vol.  XI,  No.  1 


Digitized  by 


Google 


Reproduction  from  Seed  Stored  In  the  Forest  Floor  PLATE  2 


Journal  of  Agricultural  Research  Vol.  XI,  No.  1 


Digitized  by 


Google 


PLATE  a 

A. — ^"Interrupted"  reproduction  of  noble  fir  on  the  west  slope  of  Lookout  Moun- 
tain. Note  the  dear-cut  line  between  dense  reproduction  and  grass  areas.  The 
xi-year-old  seedlings  here  shown  average  about  30,000  per  acre,  yet  these  dense  patches 
are  contiguous  with  areas  absolutely  barren  of  seedlings.  The  grass  areas  mark  the 
extent  of  ground  fire;  the  seedlings  grow  where  ground  fire  did  not  work.  Photo- 
graphed in  Cohimbia  National  Forest,  19 13. 

B. — ^The  picture  shows  the  method  of  measuring  the  height  of  the  seedlings  by 
means  of  a  graduated  stick  which  was  used  also  in  determining  the  width  of  the  tran- 
sect, S}i  feet.  A  representative  stand  of  noble-  and  silver-fir  reproduction  on  the 
northeast  slope  of  Lookout  Mountain.    Photographed  in  Columbia  National  Forest, 

C — A  fire  line  cut  through  18  inches  of  litter  and  duff,  Foss  River  fire,  September, 
X914,  Snoqualmie  National  Forest. 

D. — ^This  picture  was  taken  just  inside  the  fire  line,  about  15  feet  from  the  upper  pic- 
tme.  At  the  time  of  the  fire,  September  2,  the  forest  floor  was  very  dry  and  the  duff 
was  completely  consumed  in  many  places.  Many  trees  fell  after  the  fire  because  of 
the  exposure  and  burning  of  the  roots.  Reproduction  does  not  occur  on  such  areas 
except  near  seed  trees. 
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PLATE  3 

A  20-year-old  stand  of  Douglas  fir  (with  white  pine  and  others)  which  succeeded  a 
single  fire.  No  seed  trees  are  in  sight  and  none  were  left  after  the  fire.  Note  the 
varying  density  of  the  reproduction  traceable  to  several  causes,  but  chiefly  to  the 
action  of  ground  fire.  Photographed  near  Paradise  Ridge,  Columbia  National  Forest, 
by  Wemstedt,  191a. 
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PLATO  4 

A.— RepXDduction  in  a  190a  bum  of  the  Cowlitz  area,  about  10  chains  £rom  the 
Beaeest  s^d  trees.  White-pine  seed  trees  are  nearly  %  mile  distant  and  are  800  feet 
bdow  this  area.  Species  shown  are  white  pine  (left),  Douglas  fiX  (center),  noble  fa 
(ng^).  The  stand  on  this  slope  is  uniformly  open,  but  will  be  sufficient  ultimately 
to  develop  a  satisfactory  forest. 

B. — ^R»ults  <^  a  1910  fire  following  a  190a  bum.    A  practically  denuded  area. 
The  repioductian  which  followed  the  fire  had  not  reached  seeding  age  when  it  was 
destzoyed  by  the  second  fa^.    Note  the  dead  young  stand  killed  in  19 10.    Photo- 
g^^ihed  in  Rainier  National  Fewest,  July,  1914,  on  Cowlitz  area. 
7766**— 17 8 


Digitized  by 


Google 


PLATE  s 

A. — Douglas  fir,  i6  years  old,  which  has  been  pioducing  seed  since  its  fourteenth 
year.    Photographed  on  Rainier  National  Forest  on  East  Canyon  Creek,  1914. 

B. — ^A  clump  of  repioduction  which  escaped  a  1910  fire  (Upper  Cispus,  Rainier 
National  Forest).  The  white  pine,  bearing  seven  cones,  was  15  years  old.  Photo- 
graphed in  1914. 

C. — ^A  clump  of  true  firs  which  escaped  all  fires,  surrounded  by  a  small  area  of 
reproduction  which  resulted  from  1875  fire,  but  was  injured,  and  some  of  it  destroyed 
by  subsequent  fires,  notably  that  of  1892.  Photographed  in  Rainier  National  Forest, 
1914. 

D. — ^A  barren  waste  left  where  the  fire  of  1892  followed  the  fire  of  1875.  A  striking 
illustration  of  the  limit  of  seeding  distance  of  green  timber  into  an  open  bum.  The 
camera  station  is  well  beyond  the  farthest  wind-cast  seed.  Seedlings  from  such  seed 
were  not  encountered  until  witliin  5  chains  of  the  timber  shown.  Photographed  in 
Rainier  National  Forest,  1914. 
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A. — ^Repfoductkm  resulting  £rotn  a  single  fire  in  a  t3rpical  mature  Douglas  fir  forest. 
This  is  an  example  of  what  is  usually  found  on  good  sites  where  ground  fire  has  not 
been  at  work  during  the  general  conflagration.  A  fine  stand  of  Douglas  ^  and  asso- 
ciate repnxluction  in  the  "old  forest' '  portion  of  the  Tower  Rock  bum  of  1903.  Photo- 
graphed in  Rainier  National  Forest,  1914. 

B. — ^Hiomesteaders  clearing  in  an  cdder  "bottom"  surrounded  by  second  growth 
Douglas  :fir.  This  even-aged  uniform  stand  of  Douglas  fir  followed  a  virgin  forest 
fire  of  about  i860.  The  charred  stubs  in  the  foreground  and  the  tall,  bare  snags  rising 
above  the  second  growth  are  remnants  of  the  former  forest.  The  burned  area  of  this 
young  forest  in  the  1902  fire  at  Tower  Rock  was  not  succeeded  by  dense  reproducion 
as  was  the  burned  area  of  the  virgin  stand.  Photographed  in  Rainier  National  Forest, 
1914. 
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A. — Douglas-fir  reproduction  in  the  brush  thickets  of  the  Cispus  bum,  Rainier 
National  Forest.  In  their  struggle  to  keep  abreast  of  the  surrounding  brush,  the  conif- 
erous seedlings  make  tremendous  height  growth  and  very  little  diameter  growth. 
The  result  is  the  slender  "shade-form"  reproduction  here  shown.  These  trees  sue 
holding  their  own  and  will  soon  overreach  the  crowding  brush;  in  the  end  they  will 
dominate  and  completely  subdue  it.  The  dedduotis  growth  shown  includes  Oregon 
maple,  vine  maple,  dog¥rood,  alder,  brake  fern,  and  fireweed.    Photographed  in  1914. 

B. — ^A  1902  fire  followed  by  a  1910  fire,  photographed  in  1915,  Oregon  National 
Forest,  near  Summit  R.  S.  Note  the  sharp  boundary  line  of  the  second  fire.  The 
dense  reproduction  succeeded  the  fire  of  190a  and  proved  an  effective  barrier  to  the 
fire  of  19 10.  This  stoppage  of  fire  by  dense  reproduction  is  a  matter  of  frequent 
occurrence. 

The  picture  shows  also  a  striking  comparison  of  duff-stored  versus  wind-blown 
seed  as  a  source  of  reproduction.  The  dense,  even-aged  reproduction  at  the  left 
lesulted  from  duff-stored  seed  following  a  first  btun  in  virgin  forest.  The  scattered 
few,  imeven-aged,  young  seedlings  to  the  right  resulted  from  seed  blown  out  since 
19 10  from  a  group  of  seed  trees  from  beneath  which  this  picture  was  taken.  The 
scrubby  reproduction  to  the  left  was  seeded  from  the  same  sotu-ce,  since  1903,  in  an 
opening  left  barren  of  " stored-seed  reproduction ' '  on  account  of  ground  fire.  It  can 
be  readily  appreciated  how  slow  will  be  the  reforestation  of  the  rebtuned  area,  which 
is  now  altogether  dependent  upon  the  few  seed  trees  which  have  survived  both  fires. 
When  the  13-year-old  stand  reaches  seeding  age  it  will,  of  course,  contribute  its  seed 
to  the  same  purpose,  within  the  limited  range  of  its  influence.  Such  a  process  could 
not  conceivably  have  produced  the  beautiful  imiformity  in  density  and  age  which 
b  exhibited  by  the  13-year-old  stand  here  pictured. 

C. — Reproduction  20  years  old,  at  Esperance,  Wash.  The  stand  shown  followed  a 
light  slash  fire.  In  the  immediate  foreground  a  second  fire  occurred.  The  area  cov- 
ered by  the  second  fire  has  no  repioductiosi.  Puget  Sound  cut-over  studies.  Plioto- 
grapluMi  in  1915. 
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A  NEW  PARASITIC  NEMA  FOUND  INFESTING  COTTON 

AND  POTATOES 

By  N.  A.  Cobb, 

Ttdtnologisi  in  Charge,  Office  of  Agricultural  Technology,  Bureau  of  Blant  Industry, 

United  States  Department  of  Agriculture 

INTRODUCTION 

The  new  species  of  Tylenchus  described  bdow  first  came  to  the  attention 
of  the  writer  in  191 1,  when  it  was  found  infesting  rootstocks  of  violets 
{Viola  spp.)  in  New  York.  Practically  all  the  morphological  data  given 
herein  weie  obtained  at  that  time;  later  examinations  have,  for  the  most 
part,  been  merely  confirmatory.  Since  its  discovery  this  nema  has  again 
and  again  come  to  notice,  first  on  one  plant,  then  on  another,  until  it  is 
now  known  to  infest  violets,  cotton  roots  {Gossypiwm  spp.),  potatoes  (So- 
latmm  tuberosum),  and  the  roots  of  camphor  (Cinnamomum  camphora) 
over  an  area  in  the  United  States  extending  from  Florida  to  New  York 
and  as  far  west  as  Michigan. 

It  injures  all  the  plants  upon  which  it  has  been  found,  and,  though  the 
extent  of  the  possible  damage  is  not  yet  fully  ascertained,  it  has  been 
sufficient  to  cause  growers  to  make  inquiry  concerning  the  origin  of  the 
injuries  they  were  suffering.  The  occurrence  of  this  parasite  on  potatoes 
is  of  unusual  interest,  for  the  reason  that  any  pest  found  upon  potatoes — 
at  any  rate  one  whose  lesions  are  similar  to  those  of  Tylenchus  penetrans— 
is  likely  to  become  widely  disseminated  unless  special  preventive  meas- 
ures are  adopted.  Experience  emphasizes  the  very  grave  danger  of 
spreading  serious  pests  in  seed  potatoes.  If  noninf  ested  land  be  seeded 
with  infested  potatoes,  the  result  is,  in  effect,  the  planting  out  of  the  pest 
under  conditions  very  favorable  to  its  increase. 

Unfortunately  our  knowledge  of  nemas,  especially  those  attacking  the 
nx>ts  of  plants,  is  relatively  very  meager,  and  in  the  possession  cf  but  few. 
Piist  or  last,  the  existence  of  root  diseases  caused  by  these  oxganisms 
comes  to  the  attention  of  numerous  observers,  who,  not  having  the 
necessary  literature  at  thdr  ccnnmand  and  not  knowing  to  whom  to  send 
specimens,  often  let  the  matter  drop  without  adequate  investigation. 
As  it  is  very  desirable  to  know  more  about  the  frequency  of  this  pest, 
its  host  |dajits,  the  extent  of  the  damage  done  by  it,  on  what  plants 
and  at  what  seasons  the  damage  is  greatest,  and  in  what  kind  of  soil  it 
fa  most  active,  this  preliminary  note  aims  to  enlist  the  services  of  such 
observers. 

Jjoiaalfll  Agricnitnial  Rcicarch,  VoLXI.No.  x 
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The  illustrations  have  been  very  carefully  prepared,  and  with  their  aid  almost  any 
careful  microscopist  should  be  able  to  identify  the  species.  For  this  purpose  it  is 
advisable  to  use  living  specimens  under  sufficient  pressure  to  prevent  active  motion. 
This  method  will  give  somewhat  exaggerated  width  measurements,  for  which  due 
allowance  should  be  made.  To  see  all  the  features  shown,  requires  the  use  of  an 
immersion  lens  under  favorable  conditions. 
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APPEARANCES  CAUSED  BY  THE  INFESTATION 
I.   ON  POTATOES 

On  potatoes  the  lesions  are  as  follows:  The  tuber  is  spotted  here  and 
there,  or  over  its  whole  surface,  by  pimples — sUghtly  elevated,  some- 
what conical  areas,  2  to  5  mm.  across,  having  a  roundish,  broadly  ellip- 
tical or  quadrangular  contour.  Where  one  or  more  pimples  run  together, 
the  contour  may  be  considerably  elongated.  Near  the  center  of  each 
diseased  area  there  arises  a  minute  opening  through  which  the  young 
nemas  escape  to  found  new  colonies.  After  the  potatoes  have  been  dug 
and  have  shrunken  somewhat,  the  diseased  areas  may  become  surrounded 
by  shallow  channels,  owing  to  the  collapse  of  the  immediately  adjacent 
tissues,  and  this  shrinkage  may  be  sufl&dent  to  cause  the  whole  of  a 
diseased  area  to  present  somewhat  the  appearance  of  a  depression 
(fig.  2). 


^3 


Flo.  a. — ^Potato  pustules  caused  by  the  nema  TyUnchus  pentirans.  At  the  left  a 
double-headed  pustule.  These  are  from  a  poUto  that  bad  been  stored,  and  show 
the  peripheral  channel  mentioned  in  the  text. 

2.    ON   VIOLETS 

The  rootstocks  of  violets  infested  with  Tylenchus  penetrans  display 
brownish,  somewhat  collapsed  areas.  As  in  the  potato,  the  tissues  of 
these  collapsed  areas  are  inhabited  by  both  sexes  of  the  nema,  and  the 
infestation  may  be  so  intense  that  areas  only  a  few  millimeters  in  length 
barbor  scores  of  specimens.  The  violets  are  very  seriously  injured,  and 
as  a  result  of  careful  examination,  it  has  become  quite  evident  that  the 
nemas  are  the  main  cause,  and  in  all  probability  the  sole  cause,  of  the 
injury. 

3.   ON  COTTON  ROOTS 

Cotton  plants  infested  by  Tylenchus  penetrans  have  been  found  in 
Georgia  and  North  Carolina,  the  nemas  being  discovered  in  considerable 
nmnbeis  in  small,  diseased,  colored  areas  on  the  roots.  At  the  time  the 
discoveries  were  made,  the  plants  were  not  suspected  of  being  infested  ; 
they  were  being  examined  in  a  general  way  in  an  effort  to  find  out  some- 
thing about  the  nemas  associated  with  the  roots  of  cotton  plants.  No 
definite  evidence  exists  that  T.  penetrans  is  a  serious  pest  of  the  cotton 
pbnt 
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-I  4.  ON  TH9  ROOTS  OP  CAMPHOR  TREES 

.^  Thus  far  no  definite  evidence  exists  that  Tylenchus  penetrants  seriously 

^  injures  the  camphor  tree.    It  was  found  in  small  diseased  areas  on  the 

^  '■  feeding  roots,  but  not  in  such  numbers  as  to  seem  to  be  the  cause  of 

trouble. 

NUMBER  OF  HOST  PLANTS 
rz 

y  As  a  rule  a  given  parasite  infests  but  few  hosts.     In  the  genus  Tylen- 

chus and  a  few  related  genera,  there  are  some  marked  exceptions  to  this 
f  rule,  one  of  the  most  astounding  of  which,  Heterodera  radicicola,  infests 

nearly  500  different  species  of  plants.  Not  long  ago  in  this  Journal  *  at- 
I  tention  was  called  to  another  species,  Tylenchus  similis,  which  infests 

]^'  such  widely  different  plants  as  the  banana  and  sugar  cane.     Tylenchus 

'  t.  penetrans  is  another  addition  to  the  already  rather  formidable  list  of 

^  '  Tylenchi  that  infest  a  number  of  widely  different  plants;  and  a  glance 

*:  at  the  list  of  hosts  just  recorded  warns  us  that  we  need  not  be  surprised 

:  \,  to  find  it  infesting  almost  any  of  our  crop  plants. 

•   r  IDENTIFICATION 

j^  As  there  are  a  number  of  Tylenchi  closely  resembling  Tylenchus  pene- 

'  ^^  trans,  no  nema  should  be  assigned  to  this  species  unless  its  anatomical 

details  clearly  correspond  with  all  those  given  herein.    The  features  that 

.   *  should  be  examined  with  special  care  in  making  comparisons  are:  Lip 

^  region ;  spear  and  median  bulb  of  the  esophagus ;  location  of  the  excretory 

;i  pore;  the  almost  complete  absence  of  wings;*  the  form  of  the  tail,  espe- 

.  f  dally  that  of  the  male;  and  the  size  and  general  proportions  of  the  body. 

•  r  These  latter,  however,  may  vary  to  some  extent  in  accordance  with  the 

'^.  age  of  the  specimen,  and  in  the  case  of  the  females,  according  as  they  are 

or  are  not  in  a  gravid  condition.    Some  nemas,  while  keeping  the  relative 

proportions  of  many  of  the  different  parts,  vary  considerably  in  size,  so 

. :  that  some  specimens  may  be  twice  as  long  as  others. 

LOSSES 

;  No  definite  information  exists  as  to  the  full  extent  of  the  injury  caused 

by  this  parasite  upon  cotton  and  camphor.  In  the  case  of  violets  the 
losses  consist  of  failures,  and  poor  growth  resulting  in  inferior  bloom. 
Such  losses  may  reach  an  amount  that  constitutes  a  very  serious 
handican. 

of  ormation  indicates  that  the  losses  in  the  case  of  potatoes  may 
ye  serious.  The  potatoes  that  reach  a  salable  size  often  have  an 
>earance  that  detracts  roughly  10  to  20  per  cent  from  their 
ue,  or  even  more.    The  infested  tubers  are  inferior  in  size 

TVIBNCBUS  SnnUS.  1H8  CAUSS  or  A  ROOT  DISSASB  Ot  SUOAX  CANS  AND  BANANA.     /« 

irdi,  V.  4,  no.  6,  p.  561-568,  a  fiff.    X9X5. 
» strongly  emphasized  in  figure  z. 
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as  wen  as  in  quality,  so  that  the  yield  is  materially  lessened.  When 
the  parasite  infests  the  roots,  as  well  as  the  tubers,  it  may  cause  an  actual 
fidling  off  in  the  number  of  tubers  that  are  formed. 

MUSCULAR  POWERS:  PENETRATION 

When  removed  under  the  surface  of  water  from  potato  pustules,  the 
Demas  sometimes  lie  so  loosely  in  the  tissues  that  they  fall  out  three  or 
four  at  a  time  with  every  movement  of  the  dissecting  needle.  The 
striKture  and  general  appearance  of  this  parasite  discountenance  the 
idea  that  its  body  movements  are  very  active,  at  any  rate  after  entering 
the  host  tissues.  Specimens  removed  from  potatoes  exhibit  only  slight 
and  weak  movements. 

The  oral  speaa:  and  the  median  bulb  of  Tylenchus  penetrans  are  so  well 
developed  as  to  indicate  clearly  that  the  parasite  is  one  readily  capable 
of  forcing  its  way  into  the  tissues  of  the  host  plant.  This  fact  wiU  be 
appreciated  by  comparing  these  features  with  the  corresponding  features 
of  other  destructive  species. 

CONTROL 

One  important  preventive  measure  is  at  once  suggested  by  the 
presence  of  this  parasite  in  the  tubers  of  the  potato — ^namely,  great  care 
in  the  selection  of  seed  potatoes. 

So  far  as  potatoes  are  concerned,  the  problem  of  combating  Tylenchus 
penetrans  is  very  similar  to  that  of  combating  the  ravages  due  to  Hetero- 
iera  radicicola;  the  essence  of  it  may  be  summed  up  in  the  old  saying 
that  "an  ounce  of  preventicm  is  better  than  a  potmd  of  cure. ' '  In  this  par- 
ticnlar  case  it  might  almost  be  said  that  "an  ounce  of  prevention  is  better 
than  any  amount  of  cure;"  or  mther,  attempt  at  cure,  for  there  is  no 
asstnanoe  that  land  once  infested  with  these  nemas  can  ever  be  cleared 
of  them*  In  the  case  of  the  average  parasite,  infesting  but  a  single  host, 
rotatioo  of  crops  offers  a  solution  in  many  cases  at  once  effective  and 
comparatively  inexpensive.  When,  however,  the  parasite  is  capable 
of  sustaining  itself  on  a  variety  of  hosts,  Specially  if  common  weeds  are 
among  these  hosts,  the  rotaticm  of  crops  may  not  prove  a  thoroughly 
d&dent  remedy.  It  may  be  that  no  paying  crop  that  is  immune 
can  be  found.  Even  if  such  a  crop  exists  there  is  the  ever  present  menace 
that  the  parasite  may  maintain  itself  in  the  roots  of  weeds,  difficult  and 
expensive  to  exterminate.  These  facts  strongly  emphasize  to  potato 
growers  the  advisability  of  being  very  careful  to  plant  nothing  but 
perfectly  healthy  tubers. 

An  examination  of  potatoes  treated  with  mercuric  chlorid  for  scab 
showed  that  this  treatment  has  a  certain  value  in  killing  Tylenchus 
penetrans  in  the  tubers.    The  scabby  potatoes  were  also  infested  with 

T.  penetrans.    The  vitality  of  the  nema  was  much  reduced  and  many  of 

them  appeared  to  have  been  killed  by  the  mercuric  chlorid. 
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SPECIFIC  CHARACTERS  OF  THE  PARASITE 
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Tylenchus  penetrans,  n.  sp.— *  * ii  " ' ' vii  ■^' '/V/s ' ' " ' ifi' ' * ' *'£*  '^  "  The  thin,  color- 
less, transparent,  naked  cuticle  is  traversed  by  about  400  plain  transverse  strise, 
resolvable  with  moderate  powers.  There  are  six  amalgamated  lips 
on  which  the  cuticle  is  thickened  in  such  a  way  as  to  have  the 
appearance  of  a  frontal  cap.  This  cap  is  apparently  built  from  about 
three  ordinary  striations.  There  are  no  labial  papills.  The  spear 
is  about  twice  as  long  as  the  lip  region  is  wide,  and  is  composed 
of  two  distinct  regions.  The  posterior  half  is  a  cylindrical  shaft 
about  ij/^  fxin  diameter.  At  the  very  base  this  portion  expands 
into  a  3-lobed  bulb  having  a  diameter  twice  as  great  as  that  of 
the  shaft  itself.  The  anterior  half  of  the  spear  tapers.  Nothing 
is  known  concerning  the  lateral  organs.  There  are  no  eye  spots. 
The  esophagus  may  be  traced  backward  from  the  median  bulb  a 
distance  approximately  equal  to  the  corresponding  body  diame- 
ter, and  ends  more  or  less  indefinitely.  The  anterior  ovary  is 
elongated  and  outstretched  and  ends  at  a  point  as  far  behind 
the  median  btdb  as  the  latter  is  behind  the  anterior  extremity. 
The  eggs  occur  one  at  a  time  in  the  uterus,  and  segmentation  begins 
before  they  are  deposited.  The  eggs  are  thin  shelled,  elongated, 
fully  twice  as  long  as  the  body  is  wide,  and  about  one-third  as 
wide  as  long.  Eggs  found  deposited  by  the  nemas  in  the  tissues 
of  the  host-plant  measured  78  by  25  fi,  and  contained  fully  formed 
embryos  with  well-developed  spears  three-fourths  as  long  as  those 
of  the  adults  (fig.  i). 


Fio.  $.—T^eHclms 
penetrans:  Profile 
of  the  tall  end  and 
buna  of  the  male. 
The  two  posterior 
pairs  of  bursal  ribs 
are  very  f  amt  and 
easily  escape  ob- 
servation. Com- 
pare with  ficure  4. 


4. 


1*. 


^.'- 


lii     JLi*"  "■         The  bursa  surrounds  the  tail  completely, 
springing  from  near  the  lateral  lines  at  a  point  opposite  the  proximal  ends  of  the  two 
equal  arctiate  spicula.    The  general  contour  of  the  tail  end  of  the  male  when  viewed 
dorsoventrally  shows  no  enlargement,  the  distance  across  the 
btirsa  being  nowhere  greater  than  the  diameter  of  the  body 
immediately  in  front  of  the  anus  (fig.  3  and  4). 

Habitat.— Parasitic  in  the  roots  of  violets,  Rhinebeck,  New 
York;  roots  of  camphor  trees,  Orlando,  Florida;  roots  of  Upland 
cotton,  Millington,  North  Carolina,  and  Statesboro,  Georgia; 
in  potatoes,  vicinity  of  Kalamazoo,  Michigan. 

SUMMARY 

(i)  A  parasitic  nema,  Tylenchus  penetrans,  n.  sp., 
has  been  discovered  infesting  the  tubers  of  the  potato, 
the  feeding  roots  of  camphor,  the  rootstocks  of  violets, 
and  the  roots  of  Upland  cotton. 

(2)  External  indications  of  the  presence  of  the 
nema  are  the  existence  on  the  roots  or  tubers  of 
small,  abnormal-looking  areas,  a  few  millimeters 
across,  sometimes  in  the  form  of  pimples,  but  more 
often  in  the  form  of  slightly  sunken,  discolored  areas. 
Bach  of  these  diseased  areas  when  fully  developed  contains  up  to  about 
50  specimens  of  T.  penetrans  in  various  stages  of  growth. 

*  For  explanation  of  formula,  see  appendix,  p.  33. 


Fio.  4.—Tylenclms  pene- 
trans: Ventral  view  of 
the  tail  end  of  themale. 
Compare  with  figure  3- 
The  two  pairs  of  ribs 
near  the  terminus  were 
nearly  invisible  in  this 
specimen. 
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(3)  The  geographical  distribution  of  the  pest  is  suggested  by  its 
presence  in  Florida,  Georgia,  North  Carolina,  New  York,  and  Michigan. 

(4)  The  occurrence  of  this  disease  under  such  different  climatic  con- 
ations and  in  such  a  diversity  of  hosts  makes  it  certain  that  the  nema 
causing  it  is  another  species  which,  like  some  other  destructive  members 
of  its  genus,  can  adapt  itself  to  widely  varying  conditions. 

(5)  As  yet  too  little  is  known  about  this  parasite  to  accurately  estimate 
the  damage  done  by  it. 

(6)  The  occurrence  of  the  parasite  in  the  tubers  of  the  potato  is  a 

peculiarly  significant  fact  and  again  points  to  the  necessity  of  being 

particularly  careful  to  plant  only  perfectly  healthy  potatoes.     The 

mercuric-chlorid   treatment    of   potatoes,   as  for  scab,   decreases   the 

vitality  of  the  nemas. 

APPENDIX 

Figure  5  is  a  diagram  illustrating  the  decimal  formula  used  for  nematodes;  6,  7,  8» 
10,  6  are  ^e  transverse  measurements,  while  7,  14,  28,  50,  88  are  the  corresponding 
longitudinal  measurements.  A  formula  assembling  these  measurements  appears 
just  below  the  diagram.  The  tmit  of  measurement  is  the  hundredth  part  of  the  length 
of  the  body,  whatever  that  may  be.  The  measurements  become,  therefore,  per- 
centages of  the  leng^.  The  absolute  length  of  the  nema  is  given  in  millimeters  as  a 
final  term,  in  this  case  i  mm. 


-21^ 


-50> 


-88> 


Mifnifled  oae  baadrtfi  dltMiers, 

••Ksr*i •  -Mrn   ■•••••*fi^r 


14. 


*50* 


88. 


Fto.  s.'^IHBgrani  iliowiii£  ingMureuicuti  of  ft  ! 


>  l.m 


6. 
\  and  the  corrapooding 


fommlft. 
fonntilft. 


The  measurements  are  taken  with  the  animal  viewed  in  profile;  the  first  are  taken 
tt  the  base  ol  the  pharynx,  the  second  at  the  nerve  ring,  the  third  at  the  cardiac 
ooQStrictian  or  end  of  the  neck,  the  fourth  at  the  vulva  in  females  and  at  the  middle 
(M)  in  males,  the  fifth  at  the  anus.  The  presence,  situation,  form,  and  extent  of 
nrkms  organs  is  indicated  in  the  formula  by  self-explanatory  marks;  in  this  case, 
tSKexctetory  pore,  wings,  spinneret,  and  sexual  organs  are  so  indicated.  Theformtila 
&ti8  becomes  a  sort  of  conventionalized  sketch  of  the  organism. 

In  this  article  the  writer  has  adopted  the  improvement  suggested  by  liicoletsky, 
and  have  ^lit  the  measurement  indicating  the  extent  of  the  female  sexual  organs  so  as 
to  diow  the  relative  proportions  of  the  anterior  and  posterior  branches.  Thus,  50-1-5 
indicates  that  the  entire  apparatus,  consisting  of  tmi  outstretched  parts,  occupies  55 
per  cent  of  the  length  of  t]ie  nema,  but  that  the  posterior  branch  is  a  mere  rudiment 
only  five  one-hundiedths  as  long  as  the  body. 
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ENDROT  OF  CRANBERRIES* 

By  C.  L.  Shbar, 

Plant  Pathologist,  Fruit  Disease  Iivoestigations,  Bureau  of  Plant  Industry,  United  States 

Department  cf  Agriculture 

INTRODUCTION 

In  the  writer's  early  studies  of  diseases  of  the  cranberry  (Oxycoccus 
macrocarpus)  occasional  cultures  of  an  undetermined  organism  of  a  rather 
striking  and  characteristic  color  appeared.  These  cultures,  however,  failed 
to  produce  spores,  and  their  identity  was  not  determined  at  the  time. 
Since  banning  cooperative  experiments  with  the  Massachusetts  Agri- 
cultural Experiment  Station  oh  Cape  Cod,  this  organism  has  been  found 
to  be  the  most  frequent  fungus  causing  a  rot  in  Late  Howe  berries  from 
the  experimental  plots  and  checks  on  the  Massachusetts  State  Cranberry 
Experiment  Station  bog  at  East  Wareham.  The  fungus  has  also  been 
frequently  fotmd  in  diseased  berries,  especially  the  Late  Howe,  from 
Maine,  New  Jersey,  Michigan,  Wisconsin,  Washington,  and  Oregon. 
Although  this  rot  has  been  found  thus  far  most  abundantly  in  the  Late 
Howe  cranberry,  further  investigation  may  show  that  it  is  equally  serious 
with  some  other  varieties.  It  has  been  isolated  from  the  following  varie- 
ties: Bennett  Jiunbo,  Cape  Cod  Beauty,  Early  Black,  Early  Ohio,  Mathews^ 
McFarlin,  Perry  Red,  Prolific,  Searles  Jumbo,  Selected  Howe,  Vose 
Pride,  and  several  unknown  varieties.  It  no  doubt  occurs  in  others  that 
have  not  yet  been  examined.  Sufficient  observations  have  not  been 
made  at  present  to  determine  the  relative  susceptibility  of  these  varieties. 
It  is  evident  from  the  amount  of  this  rot  found  in  various  samples  of 
fruit  from  all  the  cranberry-growing  sections  the  past  two  or  three 
years  that  it  is  the  cause  of  much  loss.  Whether  the  recent  increase  of 
this  rot  indicates  that  the  disease  is  becoming  more  serious  or  has  only 
appeared  more  frequently  the  past  year  or  two  on  account  of  unusually 
^voraUe  conditions  for  its  development  and  distribution  is  not  known. 

*  Gntcful  Acknowledgment  is  doe  Miss  A.  M.  Beckwith  and  Mr.  Bert  A.  Rudolph,  of  the  Bureau  of 
Flmt  Industry,  for  assistance  in  maVing  cultures  and  sections  of  the  fimgus.  and  to  Dr.  H.  J.  Franklin,  of 
tkc  VaMailiiisfrti  State  Cranberry  Brperiment  SUtion,  who  carried  out  the  spiaying  experiments  in 
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CHARACTERISTICS  OF  THE  DISEASE 

In  most  cases  in  which  the  endrot  organism  has  been  isolated  from 
berries,  the  fruit  first  showed  signs  of  rot  at  the  blossom  end.  Plate  A» 
figure  I,  shows  the  characteristic  appearance  of  I^ate  Howe  berries  in 
which  the  rot  started  at  the  blossom  end.  This  was  so  generally  the  case 
in  the  early  collections  that  the  name  ''blossom  end  rot''  was  suggested 
by  Dr.  Franklin.  Later  a  quantity  of  rotten  fruit  was  receival  from 
Mr.  O.  G.  Malde,  of  the  Wisconsin  Cranberry  Station  at  Grand  Rapids,  Wis. 
These  berries  were  affected  with  what  he  called  "stem  end  rot,"  because 
it  usually  first  appeared  at  the  stem  end  of  the  berry.  Isolations  from 
this  lot  of  fruit  gave  almost  entirely  the  endrot  fungus.  Typical  cases 
of  the  endrot  banning  at  the  stem  end  are  shown  in  Plate  A,  figures 
2,  3,  4,  and  5.  Further  studies  have  shown  that  rot  caused  by  this 
oiganism  usually  b^ns  at  one  end  or  the  other  of  the  fruit  and  rarely,  if 
ever,  at  the  side.  The  common  name  ''endrot"  has  therefore  been 
adopted  to  distinguish  this  disease  in  a  general  way  from  scald,  anthrac- 
nose,  and  other  rots  which  usually  begin  on  some  other  part  of  the  berry. 
Unfortunately  most  of  the  rots  of  the  cranberry  are  difficult  or  impossible 
to  distinguish  by  the  superficial  appearance  of  the  diseased  fruit. 

Endrot  first  appears  as  a  softening  of  the  tissues  accompanied  by  a 
slightly  yellowish  or  brownish  yellow  watery  discoloration  of  the  skin. 
The  diseased  part  is  lighter  colored  than  the  sound  portion  of  the  berry, 
the  various  colors  and  shades  usually  occurring  as  shown  in  Plate  A. 
This  discoloration  spreads  as  the  rot  develops,  until  the  whole  fruit  is 
involved  and  becomes  soft  and  elastic  to  the  touch,  but  remains  turgid. 

CAUSAL  ORGANISM 

The  tissues  of  the  fruit  affected  with  endrot  are  found  to  contain 
numerous  hyalin,  branched  fungus  filaments  which  when  transferred  to 
favorable  culture  media  produce  the  characteristic  growth  and  fructifica- 
tions of  one  of  the  Sphaeropsidaceae  which  appears  to  be  undescribed. 
In  the  present  state  of  knowledge  of  this  group  of  fungi  it  is  difficult  to 
assign  the  oiganism  satisfactorily  to  a  particular  genus.  For  the  present, 
or  until  its  full  life  history  is  positively  determined,  it  may  be  referred  to 
the  genus  Fusicoccum  as  F.  ptUrefaciens,  n.  sp.,  and  characterized  as 
follows: 

Fusicoccum  putrefitciens,  n.  sp. 

Pycnidia  subglobose  to  pyriform»  rather  thick- walled,  more  or  less  roughened, 
tawny  to  tawny  brownish,  embedded  at  first,  becoming  ermnpent  or  subsuperficial 
when  mature,  sessile,  or  subsessile,  simple  or  irregularly  chambered  forms  300  to  400  m 
in  diameter,  larger  chambered  forms  400  to  450  fi;  pycnospores  elliptic  to  fusiform, 
hyalin  or  very  faintly  yellowish  in  mass,  continuous  or  pseudoseptate,  8  to  18  by  2  to  3  m> 
mostly  10  to  12  by  2.5  m;  sporophores  simple  or  branched,  cylindrical  or  somewhat 
tapering  above,  20  to  36  by  2  /x. 

Type  specimen. — ^No.  2918  on  rotten  prolific  cranberries  grown  near  Walton  Jimc- 
tion,  Michigan,  1916. 

Distribution. — ^Maine  to  New  Jersey  and  west  to  Oregon  and  Washington. 
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The  pycnidia  in  culture  are  ovoid  to  globose  or  depressed  globose  with 
dmpk  or  irregular  labyrinthif  orm  chambers,  erumpent  or  subsuperfidal, 


V 


^. 


500  to  800  M  in 
diameter.  The 
imier  wall  of  the 
pycnidium  is  sor- 
did yellowish  and 
the  pycnospores 
somewhat  more 
variable  in  their 
extreme  measure- 
ments  than  in 
specimens  found 
on  old  cranberries, 
under  natural  con- 
ditions, but  aver- 
aging about  the 
same  size.  Fig- 
ure I  shows  sec- 
tions cxf  p3^cnidia 

and  spores  from  a  Vm.  i.-FusUoccum  PutrifaeUms:  a.  Vertical  section  of  a  thnple  pycnidiunr 
pore  culture  of  the  srowninptirectdtuieoaiteriktweetcIover8temi(A#<ltfofiMaaa);fr,vcrti- 
^  Tirt.  caltectionof  adiambetMiyyciiidtiimframacom-iiicalHigarcaltttiCtX^^^ 
fungus.  When  cpartoiaaectioaof  a•llow]nglpotophoRsaluispoR8;tf,•epatate•pQfo- 
InatU^e,  the  apical  I******  and  spoies  from  poie  cnhnre,  X  4*0. 

portion  of  the  pycnidium  ruptures  more  or  less  irregularly,  permitting  the 

escape  of  the  pycnospores  which  are  expelled  in  a  mucilaginous  whitish 

A^  mass.     Later  more  or  less  of  the  top 

mm.   \\m^  **lSfe      '^'^^^s  away  as  shown  in  figure  2,  a, 

vPv^B         \     ^nK         The  pycnidia  appear  to  be  produced 

^n|S|jK^^p         ^^teojp'      but  rarely  under  natural  conditions  in 

^^^^^^       *W**^*^       the  field,  as  they  have  been  found 

only  twice,  although  thorough  search 
of  diseased  bogs  and  all  parts  of  the 
cranberry  plant  has  frequently  been 
made.  In  a  careful  examination  of  a 
large  number  of  dried  rotten  berries 
from  a  pile  of  discarded  fruit  about  a 
PB.  M.-Fuskoccmm  jmirefacUns:  c.  Median  vet-  Y^ar  and  a  half  old  at  the  Massachu- 
ticaiiectiai  da  pycnidium  growing  in  the  angle  setts  Cranberry  Station,  a  cousidcr- 

bcneath  the  old  calyx  lobe  of  an  old  rotten         ^  i^         /  •    j  «.       • 

oanfacrry,  X  43.5;  b,  ^n^htr  section  of  a  two-  ^blc  number  oi  mummied  bemes  were 


I  pycnidmm,  with  part  o«  the  apical  found,  having  a  dirty  ycUowish  color 

*w.wwH  aiu^e,  X  43.5 » c,  portion  of  inner  wall  of  a  ^ 

pyaiidinm.ihowingihnpleandbranchedsporo-  SUggeStlve  of  that  produCCd  by  the 
pboret  with  hmnatnre  spores;  rf.  Kparate  endrot  f  UUgUS.  On  OUC  of  thcSC  bcnieS 
pKndoeep«ate sporct,  X  430.  -  _  .  ,.      , 

four  or  five  pycnidia  beanng  spores 
were  found  hidden  beneath  the  old  shriveled  calyx  lobes.  Figure  2 
shows  sections  of  two  of  these  pycnidia,  a  the  simple  form  and  b  the 
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chambered  form.     Sporophores  with  immature  spores  from  the  same 
specimen  are  shown  in  c  and  mature  spores  in  d. 

In  April,  1917,  a  box  of  spoiled  cranberries  was  received  from  Sioux 
City,  Iowa,  where  they  had  been  stored  in  the  chafiF  during  the  winter. 
This  fruit  was  of  the  Prolific  variety  and  was  grown  near  Walton  Junc- 
tion, Mich.  A  considerable  part  of  the  berries  was  affected  with  a 
fungus  rot  having  the  external  appearance  of  endrot.  Two  hundred 
berries  of  this  kind  were  selected  and  cultures  made  from  each  by  trans- 
ferring a  portion  of  the  pulp  from  the  interior  of  the  diseased  berries. 
Of  the  200  cultures  made,  157  produced  the  typical  growth  of  the  endrot 
fungus.    A  considerable  number  of  the  entirely  rotten  and  crushed 

berries  from  this  lot  bore  pycnidia  on  and 
about  the  blossom  end.  These  fructifica- 
tions were  larger  and  thicker-walled  than 
those  from  the  old  dry  fruit  illustrated 
in  figure  2.  Figure  3  shows  sections  of 
pycnidia  from  the  Michigan  berries.  In 
these  specimens  the  pycnidia  are  at  first 
entirely  buried  in  the  tissue  of  the  f  ruit, 
as  shown  in  figure  3,  a.  As  they  develop, 
they  break  through  the  epidermis  and 
finally  become  erumpent  or  subsuperficial» 
as  shown  in  figure  3,  b.  When  a  portion 
of  the  sporogenous  tissue  of  the  pycni- 
dium  is  crushed  out  so  that  the  indi- 
vidual sporophores  are  separated,  it  is 
foimd  that  they  are  frequently  branched 
as  shown  in  figure  3,  c.  The  spores  often 
appear  septate.  No  real  septum,  how- 
ever, has  been  demonstrated,  and  the  lack 
of  uniformity  in  the  division  of  the  protoplasm  seems  to  indicate  that 
they  are  only  pseudoseptate. 

LIFE  HISTORY  OF  THE  FUNGUS 

Only  pycnospores  of  the  form  described  and  illustrated  have  thus  far 
been  produced  in  cultures.  On  old  rotten,  dried,  and  mummied  berries 
from  I  to  i>^  years  old,  which  had  been  apparently  destroyed  by  the 
endrot  fungus  and  had  been  lying  on  the  ground  exposed  to  the  weather 
during  the  preceding  winter,  a  discomycetous  fungus  has  been  found 
which  is  suspected  of  being  the  perfect  form  of  this  plant.  The  circum- 
stantial evidence  is  as  folk>ws:  The  apothecia  are  found  on  and  about 
the  blossom  end  of  the  mummied  berries  which  have  the  peculiar  dirty- 
yellow  color  characteristic  of  the  endrot  fungus.  They  are  also  asso- 
ciated with  old  or  obsolete  pycnidia  of  Fusicoccum  ptUrefaciens.  In 
section  they  show  the  same  character  and  color  of  the  mycelium  at  the 


Fio.  3.— Fusicoccum  putrtfaciens: a.  Vertical 
section  of  a  y  otrne  py  cnidium  embedded  in 
the  tissue  of  a  recently  rotted  cranberry; 

b,  vertical  secCioa  of  a  nearly  mature  py- 
cnidium  showins  two  chambers,  X  43.5; 

c.  separate  branched  and  simple  sporo- 
phores with  immature  spores;  1/,  separate 
spores,  showing  variations  in  fonn  and 
size,  X  420. 
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base  and  the  same  relation  to  the  tissues  of  the  host.  Unfortunately  as 
jfet  no  cultures  from  ascospores  have  been  obtained,  as  all  the  specimens 
odDected  have  been  too  old  or  poorly  developed.  This  fungus  agrees 
very  closely  with  Cenangium  urceolcUum  Ellis  (i»  p.  9)  ^  found  on  twigs  of 
Odkra  almfolia  in  New  Jersey  and  distributed  in  Fungi  ColumbianiNo. 
742  and  North  American  Fungi  Bxsiccati  No.  990.  The  author  states 
(i,  p.  9)  that  Spkaeronema  clethrincola  Ellis  is  the  stylosporous  form  of 
this  species.  This  statement  is  appcu'ently  based  on  the  close  associa- 
tion (rf  the  two  forms  on  the  same  specimens,  which  may  easily  be  mis- 
leading. The  writer's  suggestion  made  above  in  regard  to  the  relation 
of  the  endrot  fungus  to  this  Discomycete  may,  however,  have  but  little 
mote  value  than  that  of  Ellis.  It  is  recorded  here  for  the  purpose  of 
calling  attention  to  this  fungus,  and  perhaps  thereby  securing  fresh 
material  with  viable  ascospores  from  which  pure  culttn^  studies  may  be 
made,  and  its  life  history  positively  determined. 

CULTURAL  CHARACTERS 

The  endrot  oiganism  grows  well  on  corn-meal  agar,  potato  agar, 
steamed  com  meal,  and  stems  of  Meliloius  alba.  It  fruits  more  frequently 
(A  stems  than  on  the  other  media  mentioned. 

The  superficial  growth  of  the  ftmgus  is  at  first  pure  white,  soon  becom- 
ing pale  green-yellow  *  to  pale  yellow-green,  passing  through  La  France 
pink  to  Mars  orange,  as  indicated  in  Plate  A,  figure  8,  which  shows  the 
appearance  of  a  culture  39  days  old  on  cranberry  agar-gelatin. 

On  steam-sterihzed  stems  of  Melilotus  alba  the  growth  passes  through 
the  same  shades  during  its  early  development,  but  finally  becomes 
nopal-red  or  even  garnet-brown  in  spots,  as  indicated  in  Plate  A,  figures 
6  and  7,  which  show  the  appearance  of  cultures  46  days  old. 

On  corn-meal  agar  in  petri  dishes  colonies  12  days  old  observed  by 
transmitted  light  are  white  at  the  margin,  passing  through  pale  lemon- 
yeDow  and  lemon-chrome  to  orange-citrine  at  the  center  and  when 
older  on  slant  agar  tubes  of  the  same  meditun  produce  colors  very  similar 
to  those  shown  in  Plate  A,  figure  8. 

I 
CONTROL  OF  THE  DISEASE 

As  already  stated,  endrot  does  not  usually  show  much  evidence  of 
its  presence  in  the  fruit  before  picking.  The  time  and  manner  of  infec- 
tion have  not  yet  been  positively  determined.  From  the  fact  that  spray- 
ing during  the  growing  season  greatly  reduces  the  rot,  which  usually 
develops  after  picking,  it  seems  probable  that  infection  occurs  before  the 
fruit  is  mature  and  that  the  fungus  is  in  the  berries  in  a  dormant  or 
dowly  incubating  condition  when  they  are  picked. 

*  BcfeKooe  b  made  by  number  to  "  Literature  dted,"  p.  41. 

'The  oaBendatuxc  ol  colors  in  tlie  desctiption  of  the  cuHuret  is  according  to  Ridgway.    (Ridowat, 

*<WW.    COM>«  STANDARDS  AND  COLOK  NOBOma^TURB.     43  P-.  53  COl.  pi.  Washington,  D.  C.  19") 
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Under  ordinary  commercial  conditions  of  handling  after  picking,  some- 
times 25  to  50  per  cent  of  the  Late  Howe  variety,  which  is  one  of  the 
most  seriously  affected,  will  show  endrot  when  screened  and  sorted  for 
shipment  two  or  three  months  after  harvesting.  In  spra3dng  experi- 
ments with  Bordeaux  mixture,  carried  on  for  several  years  in  cooperation 
with  the  Massachusetts  Agricultural  Experiment  Station  at  East  Ware- 
ham,  it  has  been  found  that  in  all  cases  there  was  a  decided  improvement 
in  the  keq)ing  quality  of  the  sprayed  fruit  and  in  some  cases  two  or  three 
times  as  much  endrot  developed  in  the  unsprayed  fruit  as  in  the  sprayed 
fruit.  Details  of  the  results  of  these  experiments  are  given  by  the  pub- 
lished reports  of  Franklin  (3,  4,  5)  and  of  the  writer  (6,  7). 

The  following  formula  and  dates  of  applications  followed  in  the  general 
treatment  of  other  cranberry  rots  have  been  found  effective  in  reducing 
loss  from  this  disease:  Bordeaux  mixture  (4-3-50)  plus  2  pounds  of 
commercial  resin-fishoil  soap.  The  first  application  should  be  made  just 
before  the  blossoms  open,  the  second  just  as  soon  as  most  of  the  fruit  is 
set,  the  third  about  10  days  later,  and  the  fourth  when  the  fruit  is  about 
three-fourths  grown.  Even  though  spraying  is  practiced,  in  order  to 
reduce  the  loss  from  endrot  to  the  minimum,  it  is  necessary  to  take  all 
practicable  precautions  to  pick  and  handle  the  fruit  with  care  and  place 
it  in  a  cool,  well-ventilated  place  as  soon  as  possible.  A  low  temperature 
is  very  essential  in  preventing  the  development  of  this  rot  in  storage,  as 
it  has  been  found  to  develop  to  some  extent  at  o*'  C.  (32*^  F.). 

Whether  or  not  it  will  be  profitable  to  practice  spra3dng  for  this  disease 
will  depend  largely  upon  the  amount  of  loss  from  decayed  fruit  usually 
sustained  in  any  individual  case.  The  greatly  improved  keeping  and 
shipping  quality  of  the  sprayed  fruit  should,  of  course,  be  given  due  con- 
sideration in  this  connection. 

It  may  also  be  mentioned  that  under  the  conditions  obtaining  on  the 
sprayed  plots  at  the  Massachusetts  State  bog,  some  injury  to  the  vines 
is  apparent  and,  associated  with  it  except  for  the  second  year  (2,  5),  was 
a  reduction  in  the  amount  of  fruit  produced.  The  effect  on  the  vines  is 
not  a  burning  of  the  new  foliage  as  in  ordinary  injury  by  Bordeaux  mix- 
ture, but  a  reddening  of  the  old  foliage.  The  cause  of  this  is  not  at 
present  understood.  No  injury  of  this  sort  has  been  observed  in  New 
Jersey,  where  spra)ang  with  Bordeaux  mixture  has  been  practiced  on  the 
same  bogs  for  8  or  10  years  in  succession.  Further  investigation  and 
experiments  in  Massachusetts  are  necessary  to  determine  if  possible 
whether  this  case  is  due  to  some  peculiar  local  condition  or  combination 
of  conditions  of  this  bog,  and  if  so,  what  they  are.  No  injury  to  vines 
has  been  reported  or  observed  on  other  Massachusetts  bogs  which  have 
been  sprayed  with  this  mixture  for  several  years  in  succession. 
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SUMMARY 

Endrot  is  a  disease  of  the  cranberry  taused  by  a  fungus  which  does  not 
^pear  to  have  been  described  heretofore. 

It  has  been  found  to  occur  in  all  of  the  cranberry-growing  sections  of 
the  United  States  and  in  the  past  few  years  has  occasioned  considerable 
loss  especially  to  the  Late  Howe  variety. 

The  rot  usually  starts  at  either  the  blossom  or  stem  end  of  the  berry, 
finally  producing  complete  softening  of  the  fruit. 

The  causal  organism  is  a  sphaeropsidaceous  fungus  which  is  here 
described  and  named  *'Fustcoccufn  putrefaciens,  n.  sp." 

Only  the  pycnidial  form  has  been  produced  in  culture.  It  is  suspected 
on  circumstantial  evidence  of  being  genetically  related  to  a  species  of 
Cenangium  resembling  C  urceolcUum  Ellis. 

Cultures  produce  a  characteristic  series  of  colors  in  the  mycelium,  and 
pycnidia  and  pycnospores  are  produced  especially  on  stems  of  Melilotus 
alba. 

Spraying  experiments  in  Massachusetts  have  shown  that  this  rot  can 
be  largely  prevented  by  the  use  of  Bordeaux  mixture. 

Some  injury  to  the  cranberry  vines  has  been  associated  with  the  appli- 
cation of  Bordeaux  mixture  on  the  experimental  plots  at  the  Cranberry 
Experiment  Station  in  Massachusetts,  but  not  elsewhere.    The  cause  is 

being  investigated. 
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PLATE  A 

Late  Howe  cranberries  showing  typical  appearance  of  endiot  starting 

3m  end. 

nberries  from  Wisoonsini  showing  the  appearance  of  the  endrot  starting 

end. 

tVy  rotten  berry  a£fected  with  endrot. 

irance  of  endrot  on  the  lighter-colored  fruit,  beginning  at  the  stem  end. 

Fiuicoccum  putrefaciens  were  isolated  from  the  diseased  tissues  of  all  these 

tures  of  the  endrot  fungus  46  days  old  on  stems  of  Melilotus  alba,  showing  ' 

color  changes  in  the  fungus  from  the  youngest  to  the  oldest  growth, 
re  of  the  endrot  fungus  39  days  old  on  cranberry  agar-gelatin,  showing 
colors  prcxiuced.  f| 
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SOME  FACTORS  AFFECTING  NITRATE-NITROGEN  ACCU- 
MULATION  IN  SOIL 

By  P.  L.  Gainby,  Soil  Bacteriologist  and  L.  P.  MfiTZLBR,  Refearch  Student,  Research 
Laboratory  in  Soil  Biology,  Kansas  Agricultural  Experiment  Station 

INTRODUCTION 

The  literature  of  nitrification  in  soils  impresses  one  with  the  varied 
technic  employed  in  such  studies.  It  is  an  exception  to  find  identical 
methods  in  use  in  any  two  laboratories.  In  many  instances  the  differ- 
CDces  are  so  slight  that  they  would  seem  to  have  httle  e£fect  upon  nitrifi- 
cation, but  in  other  instances  the  differences  are  too  great,  it  would  seem, 
sot  to  influence  bacterial  activity.  The  variations  in  volume  of  soil, 
depth  of  column,  ratio  of  volume  to  surface  exposed,  shape,  size,  and 
type  of  container,  degree  of  compactness,  and  methods  of  preventing 
contamination  and  evaporation  suggest  that  the  variations  which  might 
be  produced  in  bacterial  activity  could  in  part  explain  the  wide  variations 
in  results  often  reported  from  different  laboratories. 

PRELIMINARY  EXPERIMENT 

Some  preliminary  experiments  designed  to  test  the  validity  of  such  a 
conception  were  conducted.  No  attempt  was  made  to  duplicate  iden- 
tically the  various  methods  that  have  been  used  or  suggested,  but  the 
principal  variable  factors  were  varied  suflSdently  to  produce  different 
results,  provided  differences  actually  arose  from  such  variations.  In 
Table  I  are  reported  the  variations  to  which  a  soil  was  submitted,  to- 
gether with  the  results  such  variations  produced  upon  nitrate  accumu- 
ktioQ. 

In  these  and  most  of  the  succeeding  experiments  an  Oswego  silt  loam 
of  the  following  mechanical  analysis  was  used :  Fine  gravel,  none;  coarse 
sand,  0.6  per  cent;  medium  sand,  0.3  per  cent;  fine  sand,  1.5  per  cent; 
very  fine  sand,  6.9  per  cent;  silt,  71.8  per  cent;  day,  17.8  per  cent. 

Ammonium  sulphate  was  added  at  the  rate  of  60  mgm.  of  nitrogen  per 
100  gm.  of  soil;  oddum  carbonate,  i  gm.  per  100  gm.  of  soil;  water,  27 
gm.  per  100  gm.  of  soil.  Incubation  was  for  four  weeks  at  room  tem- 
perature. Nitrate  nitrogen,  as  in  all  succeeding  experiments,  was  de- 
termined by  the  phenoldisulphonic-add  method  as  modified  by  Lipman 
and  Sharp  (9).  The  results  in  this  experiment  are  reported  in  milligrams 
of  nitrogen  recovered  as  nitrates  per  100  gm.  of  soil.  Ammonia  was 
tested  qualitativdy  by  Nessler's  reagent.  Where  reported  as  "abund- 
ant," a  heavy  red  predpitate  was  formed.    Where  reported  as  "some," 
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a  strong  yellow  color  without  precipitate  was  formed.  Where  reported 
as  "slight"  or  "trace"  only  a  very  light  yellow  color  developed  upon  the 
addition  of  the  reagent. 

Tablb  I. — Variations  in  the  nitraies  and  ammonia  produced  in  Oswego  silt  loam  under 
different  conditions  of  incubation 


Sample 
No. 


Container. 


Quantity 
of  soil. 


Nitrogen 
asNOi.« 


Ammonia 
(NHi). 


I 

2 

3 

4 

5 

6 

I::::: 

9 

lO 

II 

12 

13-.. . 
14. . . . 
15... 
16. . . . 
17.... 
18. . . . 
19.... 

20 

21. ... 
22 A. . 
22B. . 
23A.. 
23B.. 
23C.. 
23l>-. 

24X.. 
24Y.. 
25XA 
25XB 
25XC. 
25XD 

asYA. 
2sYB. 
25YC. 
25YD 
26.... 
27.... 
28.... 
29.... 
30. . . . 
3i-..- 
32... 

33... 
34A.  . 

34B.. 
.34C.  . 


loo-c.  c.  Erlemncyer  flask,  cotton-plugged. . 

do.. 

350-c.  c.  Erlenmeyer  flask,  cotton-plugged. . 

do 

do 

500-C.  c.  Erlenmeyer  flask,  cotton-plugged. . 

do 

do 

,..:.do 

iiOoo-c.  c.  Erlenmeyer  flask,  cotton-plugged. 

do 

do 

do 

do 

loo-c.  c.  bottle,  cotton-plugged 

do 

250-c.  c.  bottle,  cotton-plugged 

do 

do 

500-c.  c.  bottle,  cotton-plugged 

do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


500-c.  c.  bottle,  cotton-plugged. 
do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


500-c.  c.  beaker,  cotton-plugged 

500-C.  c.  beaker,  petri-dish  cover 

Tumbler,  cotton-plugged 

Tumbler,  petri-dish  cover 

z-pint  fruit  jar,  cotton-plugged 

i-pint  fruit  jar,  petri-dish  cover 

do , 

....do 

500-c.  c.  bottle,  corked 

....do 

....do 

500-c.  c.  bottle,  petri-dish  cover , 

<s  The  figures  repotted  are  averages  of  closely  agreeing  duplicates.  Where  duplicates  varied  widely,  they 
are  both  r^xtfted  as  X  and  Y.  A,  B.C.  etc,  havercference  to  thed^th  from  whidi  samples  were  taken  for 
analysis.  When  no  letter  is  given,  the  whole  sample  was  analyzed  or  thonmghly  mixed  and  a  xoo*gm. 
sample  taken.    A.  is  In  all  cases  the  surface  xoo  gm.;  B,  aecood  xoo  gm.;  C,  third  xoo  gm.,  etc 


Gm. 

SO 
100 

50 

100 

200 

50 

100 

200 

400 

50 

100 

200 

400 

800 

50 

100 

50 

100 

200 

50 

100 

200 

200 

400 

400 

400 

400 

oioo 

«ioo 

«4oo 

0400 

^400' 

0400 

«4oo 

«400 

«400 

0400 

« 100 

100 

100 

100 

100 

100 

200 

500 

300 

300 

300 
100 


Mgm. 

48.4 
52.8 
54.2 
50-4 
54.0 
54.0 
56.9 

53.  5 
54.2 

54.8 
55.0 
54.0 
54.2 
54.0 
55- o 
52.8 

44.9 
54.2 
53.0 
53-5 


54.8 
52.8 
52.8 
19.  o 
52.8 

u 

Trace. 

Tr^ce. 
44.0 
35.2 
35.2 
35-2 
50-0 
52.8 
52.8 

53.8 
56.9 

55- o 
54.2 
18.2 
1&2 
18.2 
55- o 


Slight. 
Trace. 
Slight. 
Trace. 

Do. 

Do. 

Do. 

Do. 

Do. 
Slight. 
Trace. 

Do. 

Do. 

Do. 
Slight. 
Trace. 
Slight. 
Trace. 

Do. 
Abtmdant. 
Slight. 
Trace. 

Do. 

Do. 

Do. 

Do. 

Do. 
Abundant. 
Slight. 
Abtmdant. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
SU^t. 

Do! 
Trace. 

Do. 

Do. 

Do. 

Do. 
Abundant. 

Do. 

Do. 
Trace. 
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TajblB  I. — Voriaiions  in  the  nitrates  and  ammonia  produced  in  Oswego  silt  loam  under 
different  conditions  of  incubation — Continued 


Sample  1 
No.       I 


Container. 


Quantity 

Nitrogen 

Ammonia 

ofsoU. 

asNOs. 

(NH,). 

Cm. 

Mgm. 

lOO 

54.2 

Slight. 

^  lOO 

54-2 

Trace. 

<»900 

52.8 

Do. 

«900 

58.0 

Do. 

O900 

55- 0 

Do. 

«900 

57-2 

Do. 

agoo 

58.0 

Do. 

«900 

59.8 

Do. 

0900 

58.0 

Do. 

apoo 

55- 0 

Do. 

«i,40o 

52.8 

Some. 

«i,400 

49.0 

Do. 

«i,400 

37-4 

Do. 

«  1,400 

a6.  4 

Abtindant. 

«i,400 

7.0 

'    Do. 

0  1,400 

•9 

Do. 

0  1,400 

Trace. 

Do. 

»i,400 

oao 

Do. 

100 

55- 0 

Trace. 

100 

58. 3 

Do. 

1,000 

Do. 

20-inch  cylinder,  cotton-plugged . 
do 


36 Laige  pctri  dish,  open. 

37 ' do 

38A.. 

38B.. 

38C... 

38D... 

38E.. 

I- 

J9A-- 

$■■: 

39F... 
35O.. 
39H&. 
40.... 
41.... 
42.... 


.do. 
.do. 
.do. 
.do. 
.do. 

do. 
.do. 
.do. 
.do. 
.do. 

do. 
.do. 
.do. 
.do. 


.;  500-C.  c.  bottle,  sealed. 
.  I  Large  Fembach  flask. . . 
.' do 


a  Packed. 


^  Samples  below  this  depth  were  not  analyzed. 


The  data  recorded  in  Table  I  support  the  following  observations: 
(a)  The  quantity  of  soil  varied  from  50  to  1,000  gm.,  with  but  little, 
if  any,  effect  upon  nitrate  accumulation.  Apparently  there  were  slightly 
krger  quantities  of  nitrate  nitrogen  in  the  large  volumes  of  soil  and  also 
slight  quantities  of  ammonia  nitrogen  in  the  smaller  volumes.  However, 
the  (Sfferences  in  both  instances  are  probably  within  the  limit  of  error. 
There  is  no  evidence  that  increasing  the  volume  of  soil  decreases  nitrate 
foimation. 

(6)  The  depth  of  the  column  of  soil  varied  from  J^  inch  (No.  42)  to  20 
inches  (No.  39)  without  producing  any  appreciable  effect  upon  nitrate 
ftccumulation,  provided  the  soil  was  left  loose.  There  is  also  no  evidence 
that  nitrate  formation  20  inches  below  the  surface  was  any  less  vigorous 
than  at  the  surface,  provided  the  soil  was  left  tmpacked. 

(c)  Packing  the  soil  in  a  thin  layer  (No.  38)  was  without  effect.  If, 
however,  the  depth  of  the  column  was  appreciably  increased,  packing 
(reducing  volume  from  14  to  9)  decreased  very  markedly  the  nitrate 
accumulation  (No.  40),  the  accumulation  becoming  negative  only  a  few 
aches  below  the  surface.  In  view  of  the  data  to  follow,  it  should  be 
borae  in  mind  that,  with  a  water  content  of  27  c.  c.  per  100  gm.  of  soil, 
reducing  the  volume  of  this  soil  from  14  to  9  increased  the  percentage 
saturation  from  one-half  to  practically  complete  saturation. 

(d)  Decreasing  the  ratio  of  surface  exposed  per  100  gm.  of  soil  from 
314  square  centimeters  (No.  42)  to  2  square  centimeters  (No.  39)  was 
without  effect  upon  the  nitrate  acctunulation. 
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shape  and  size  of  the  container,  as  well  as  methods  of  pte- 
iporation  and  contamination,  were  without  effect  except  when 
ler  was  stoppered  tightly,  and  the  volume  of  inclosed  air  was 
mall  in  proportion  to  soil  volume. 

idpal  vital  factor  which  the  above  variations  would  seem  to 
e  access  of  oxygen.  The  fact  that  the  factors  influencing  the 
«ygen  could  be  varied  as  widely  as  in  the  experiments  just 
ithout  in  turn  effecting  the  aerobic  processes,  suggested  the 
V  of  further  study  along  similar  lines.  The  subsequent  experi- 
iin  reported  were  therefore  designed  to  ascertain  the  effect 
ipon  the  accumulation  of  nitrate  nitrogen  in  soils  by  varying 
s  more  important  factors  controlling  aeration, 
ig  to  Buckingham  (i),  aeration  is  a  direct  function  of  porosity 
e  space.  This  being  true,  the  factors  influencing  porosity  are 
influencing  aeration.  In  any  given  soil  porosity  is  a  direct 
'  compactness  and  moisture  content,  being  in  an  inverse  ratio 
ne  considered  alone.  In  addition  to  these  two  variables,  it  is 
ial  to  take  into  consideration  the  length  of  column  or  depth  to 
3r  oxygen  must  diffuse.  Accordingly  these  were  the  factors 
the  succeeding  experiments.  Typical  experiments  of  those 
will  now  be  reported. 

EXPERIMENTAL  DATA 

I  reported  in  Table  II  were  secured  under  the  following  con- 
1  samples  contained  50  mgm.  of  nitrogen  as  ammonium  siil- 
xs  gm.  of  calcium  carbonate  per  100  gm.  of  soil.  Samples  were 
in  a  moist  chamber  at  room  temperaure  for  the  periods  indi- 
e  table.  Such  loss  in  moisture  as  occurred  was  replaced  from 
me.  Samples  i  and  2  were  contained  in  large,  open  petri 
imples  3  and  4  were  incubated  in  wide-mouthed  500-c.  c. 
gged  with  cotton.  Samples  5  and '6  were  in  glass  cylinders 
ligh  and  2}4  inches  in  diameter.  The  moisture  content  of  all 
IS  20  c.  c.  per  100  gm.  of  soil.  The  samples  marked  "loose" 
i  in  the  containers  and  the  latter  gently  tapped  on  the  bottom 
he  soil  to  settle  into  the  larger  openings.  Those  marked 
'  were  so  tamped  that  the  same  weight  of  soil  occupied  only 
the  volume  that  the  "loose"  soil  occupied  or  in  other  words 
i}4  times  by  weight  as  much  soil  in  same  containers, 
e  data  contained  in  Table  II  the  following  facts  seem  evident: 
ompact  '*  samples  in  the  major  portion  of  possible  comparisons 
ler  nitrate  gain  than  do  the  *  *  loose ' '  samples.  The  greater  gains 
samples  are  so  small  as  to  be  negligible.  (2)  The  deeper  soil 
ow  higher  nitrate  gains  than  do  the  shallow.  (Samples  5  and 
>tions,  but  for  some  reason  these  failed  to  show  active  nitrifi- 
ther  data  recorded  in  this  paper  show  that  this  low  nitrifica- 
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tion  could  not  be  due  to  the  depth  of  column.  Also,  if  access  of  oxygen 
were  influencing  nitrification  these  samples  should  have  shown  greater 
nitrate  accumnlation  in  upper  layers.)  (3)  The  lower-l)dng  strata  of  all 
samples  show  higher  nitrate  gains  than  do  the  upper  layers. 

Tablb  II. — Effect  of  variation  in  depth  of  column  and  compactness  of  soil  upon  nitrate 

accumulation 


[Results  are  expressed  as  gain  or  loss  in  milligrams  of  NOi  per  loo  gm.  of  soil) 

Ratio, 
to  depth. 

Depth  of 

columo. 

Sample  from 
depth  of— 

Incubation. 

Smpk 
No.a 

10  days. 

30  days. 

30  days. 

Ix>ose. 

Com- 
pact. 

Looae. 

Com- 
pact. 

Loose. 

Com- 
pact. 

I 

2 

JA 

3B 

4A 

4B 

4C 

14:1 

7-5:1 

3-5:1 

3-5:1 

1-75:1 

1-75:1 

1.75:1 

1:2.5 

1:2.5 

Incku. 
0.4 
1-25 

2.5 

2-5 
5-0 
S-o 

18.0 
18.0 
18.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 

Inckts, 

0-4 
0-1.25 
0-1.25 

I.  25-«.  5 
O-I 

a-3 
4-5 
0-2 
8-10 
16-18 
0-2 

7-9 
10-12 
14-16 
18-20 
22-24 

0.05 

—  2.00 

—  .  22 

.59 
4.60 
6.62 
7-08 

a6o 
2.90 

a6o 

5-70 
4-50 
6.40 
4.40 

6.  20 
7-30 

31.60 
31-50 
32.60 

4-50 
10.20 
28.80 
28.20 
32.50 
41.50 
44.60 

12.60 
12.  70 
26.80 
27.40 
35-60 
44.90 
47.00 

—  .20 
3.80 
2.40 

-  .40 
3.80 

26.  00 
36.00 
35-50 
41.40 
51-80 
55-90 
.50 
3- 40 
10.  80 

6A 

1:9 
1:9 
1:9 
1:9 
1:9 
1:9 

.70 

-  .20 
i.3o 

-  .80 

-  .60 

I.  20 

-4-30 

.  20 

.60 

2.30 

4.70 

3-50 

6B 

6C 

6D   .,   .. 

ia8o 
ia7o 
2a  20 

23.40 
26.  70 
23-40 

6E 

6F 

a  A.  B,  C.  etc.  are  different  layers  of  same  column. 

The  data  reported  in  Table  III  were  secured  from  samples  containing 
50  mgm.  of  nitrogen  as  ammonium  sulphate  and  0.5  gm.  of  calcium 
carbonate  per  100  gm.  of  soil.  They  were  incubated  at  room  tempera- 
ture for  three  weeks.  Water  lost  by  evaporation  was  replaced  from  time 
to  time.  Soil  was  incubated  in  500-c.  c.  wide-mouthed  bottles.  The 
water  content  varied  as  indicated  in  Table  III.  The  samples  marked 
"loose"  were  as  in  previous  experiments.  Those  marked  "medium" 
were  tamped  to  two-thirds  the  ** loose"  volume.  Those  marked  "com- 
pact" were  packed  to  four-sevenths  the  original  volume.  It  was  diflScidt 
to  reduce  further  the  voltune  of  this  soil.  In  some  of  the  following  ex- 
periments it  was  possible  by  continuous  pounding  to  reduce  some  sam- 
ides  to  one-half  the  "loose"  volume,  but  this  was  exceedingly  difficult 
dther  with  high  or  low  moisture  contents.  With  low- water  contents  such 
tightly  packed  samples  would  burst  the  heavy  glass  cylinders  upon  slight 
diange  in  temperature.  The  above  phenomenon,  together  with  the  fact 
that  an  unprotected  column  of  such  packed  soil  6  inches  long  would  sup- 
port considerable  stress  applied  at  right  angle  to  the  length  without 
breaking,  gives  some  idea  of  how  tightly  the  soil  in  this  and  succeeding 
experiments  was  packed. 
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Table  III. — Effect  ofvanaHons  in  depths  of  column,  moisture  content,  and  compactnsss 
of  a  soil  upon  nttraU  accumulation 

[Results  are  cj^wsMd  as  cam  or  loss  in  miUiframsxif  NOi  per  loe  sni.  of  soil] 


Sample  No.a 


Sample 

from 

depth  of— 


Water  per 

xoogm.  of 

soU. 


Ifedimii. 


lA. 
iB. 
aA. 

3B. 

3A. 

4A. 
4B. 


Indus. 


Incku. 
O-I 

4-5 
o-i 

4-5 
o-i 

4-5 
o-i 

4-5 


C.c. 


15 
15 
ao 
30 
30 

^2 
38 

38 


0.34 
2.36 
7.80 
6.30 

76.50 

123.80 
185.  70 
114.80 


a84 

6.50 

ai.  40 

35- 70 
25.80 

—  7.  60 

—  8.20 
ft- 14. 30 


13- 40  I 


31.60 

—1070 

^-14.30 

^-14.30 

''-I4.30 


a  A  and  B  are  different  layers  of  same  column. 


^Complete  loss  of  NOa  initially  present 


Here  again  the  evidence  shows  that  with  a  water  content  of  15  c.  c. 
per  100  gm.  of  soil  the  nitrate  accumulation  increased  with  an  increasing 
compactness  and  also  with  an  increasing  depth  of  column.  With  a 
moisture  content  of  20  c.  c.  per  100  gm.  of  soil  the  medium  and  compact 
samples  both  showed  a  greater  nitrate  gain  than  the  loose.  There  was, 
however,  slight  difference  between  the  two.  Again,  there  is  no  evidence 
of  lack  of  aeration  in  the  lower-lying  strata,  the  meditmi  compact  sample 
showing  a  much  higher  gain  at  the.  bottom  than  at  the  surface. 

At  moisture  contents  of  30  and  38  c.  c.  per  100  gm.  of  soil,  compacting 
inhibited  nitrate  acctmiulation  in  all  except  the  surface  of  medium  com- 
pact samples  containing  30  c.  c.  of  water.  However,  at  both  these  moist- 
ure contents  the  compact  samples  were  saturated.  The  medium  sam- 
ples were  saturated  at  38  c.  c.  and  approached  very  closely  to  saturation 
at  30  c.  c.  per  100  gm.  of  soil;  hence,  nitrification  could  not  be  expected 
to  take  place  in  them.  At  30  c.  c.  of  moisture  per  100  gm.  of  soil  the 
loose  samples  showed  mariced  increases  in  the  lower  layers  over  the  sur- 
face layers,  while  at  38  c.  c,  which  is  slightly  above  the  optimum  moisture 
content  for  this  soil  in  loose  condition,  the  surface  soil  showed  the  largest 
net  gain. 

In  the  experiments  reported  in  Table  IV  combinations  of  the  three 
variable  factors  are  presented.  The  caldum-carbonate  content  was  the 
same  as  in  previous  experiments,  while  the  nitrogen  added  was  only  20 
mgm.  per  100  gm.  of  soU.  The  samples  were  contained  in  500-c.  c.  bottles 
and  tall  glass  cylinders,  and  were  incubated  in  a  moisture  chamber  at 
room  temperature  for  three  weeks.  In  the  samples  marked  "medium" 
the  volume  was  reduced  to  three-fourths  that  of  the  "loose,"  while  the 
samples  marked  "compact"  were  reduced  to  one-half  that  of  the  "loose." 
The  ammonia  was  tested  qualitatively  in  order  to  show  whether  or  not 
nitrification  was  complete. 
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With  a  moisture  content  of  12  c.  c.  per  100  gm.  of  soil  the  medium 
padced  gave  a  greater  nitrate  accumulation  thsm  the  loose.  The  com- 
pact, however,  showed  a  somewhat  smaller  accumulation.  In  all  three 
instances  increasing  the  depth  of  colunm  increased  the  nitmte  aocumula- 
tion,  indicating  no  lack  of  aeration  in  the  lower  layers.  Even  at  16 
inches  below  the  surface  in  the  compact  sample  the  nitiate  content  was 
modi  greater  than  at  the  surface. 

With  a  moisture  content  of  24  c.  c.  per  100  gm.  of  soil,  the  nitrification 
of  the  added  nitrogen  was  complete,  both  in  loose  and  medium-packed 
soils,  except  samples  2  and  3  of  the  medium.  These  samples  probably 
became  puddled  on  the  surface  in  the  course  of  preparation.  The  com- 
pact samples  at  this  moisture  content  were  saturated ;  hence,  they  showed 
00  nitrate  accumulation  except  at  the  surface  of  No.  4. 

At  a  moisture  content  of  36  c.  c.  per  100  gm.  of  soil,  the  nitrification 
was  complete  in  loose  samples  at  all  depths.  The  medium-packed  sam- 
ples were  saturated  at  this  moisture  content,  and  only  slight  nitrification 
toc^  place,  even  in  surface  soil.  It  was  impossible  to  set  up  the  compact 
aample  with  this  bigji  moisture  content. 

The  very  compact  samples  3  and  4,  containing  24  c.  c.  of  water  per 
100  gm.  of  soil,  and  the  medium  compact  samples  2,  3,  and  4,  containing 
36  c.  c  water  per  100  gm.  of  soil,  all  showed  heavy  gas  formation,  which 
resulted  in  the  breaking  and  pushing  upward  of  the  columns  at  different 
places,  the  former  two  near  the  bottom,  the  latter  three  near  the  top. 
It  is  evident  from  this  that  there  was  little  or  no  gaseous  exchange  even 
at  the  high  gas  pressure  necessary  to  move  the  tightly  packed  columns 
of  sdL    Water  stood  on  top  of  the  medium-packed  samples  2,  3,  and  4. 

In  Table  V  are  reported  other  experiments  in  which  the  moisture  con- 
tent and  d^ree  of  compactness  were  varied.  These  samples  were  con- 
tained in  glass  cylinders  and  incubated  in  moist  chamber  at  room  tem- 
perature for  16  days.  The  period  was  reduced  in  order  that  an  analysis 
might  be  made  before  nitrification  was  complete.  Nitrification  was  so 
active,  however,  that  even  in  this  short  period  it  was  complete  in  many 
instances.  To  all  samples  0.5  gm.  of  calcium  carbonate  and  approximately 
25  mgm.  of  nitrogen  as  ammonium  sulphate  were  added  per  100  gm.  of 
soil 

The  quantity  of  nitrate  nitrogen  found  in  those  samples  containing 
IOC.  c.  of  water  per  100  gm.  of  soil  was  too  small  to  be  of  any  significance. 
With  a  moisture  content  of  1 5  c.  c.  per  100  gm.  of  soil,  compacting  slightly 
decreased  the  nitrate  accumulation;  however,  in  all  three  d^rees  of 
con^nctness  the  nitrate  content  increased  with  increasing  depth  of  col- 
tmm.  With  20  c.  c.  of  water  per  100  gm.  of  soil,  the  nitrification  was 
complete  in  the  lower  layers  of  both  loose  and  medium  packed,  while 
there  was  an  abundance  of  ammonia  in  the  surface  soil  of  both.  In 
tbecompact  sample  there  was  a  maximum  nitrification  at  2  to  4  inches 
deq>,  hsiom  which  the  accumulation  decreased  with  the  increasing  depth. 
77«e^— 17 2 
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When  the  mdsture  content  was  increased  to  25  c.  c.  per  100  gm.  of 
soil,  the  total  nitrate  accumulation  in  the  loose  and  medium  samples 
was  greatly  increased,  indicating  the  possibility  of  less  loss  of  ammonia 
by  volatilization  with  the  higher  moisture  content.  Here  again  the 
nitrification  was  incomplete  in  the  surface  soil  of  both  the  loose  and 
the  medium  samples.  The  nitrate  content  also  increased  as  the  depth 
increased,  except  in  the  lower  strata  of  the  medium  packed,  where  the 
nitrification  apparently  was  not  so  active.  In  the  compact  samples  the 
nitrate  accumtdation  was  inhibited  except  in  surface  soil.  This  soil, 
however,  was  in  a  saturated  condition. 

The  evidence  thus  far  submitted  seems  sufficient  to  show  that  increasing 
the  depth  of  a  column  of  soil,  up  to  at  least  2  feet,  increases  the  for- 
mation or  rather  the  accumulation  of  nitrate  nitrogen  from  ammonium 
sulphate,  provided  the  moisture  content  is  not  so  high  that  aemtion  is 
prevented.  In  the  tjrpe  of  soil  under  study  aeration  will  be  sufficient 
for  optimum  nitrification,  at  least  up  to  two-thirds  the  total  amount  of 
water  the  soil  will  retain  with  any  degree  of  compactness  tried.  Pack- 
ing, of  course,  decreases  the  water-holding  power  almost  in  the  same 
proportion  as  the  voltune  of  soil  is  decreased;  hence,  the  quantity  of 
water  necessary  to  limit  aeration  is  correspondingly  less.  In  as  com- 
pact condition  as  it  was  possible  to  obtain  by  the  methods  used  and 
with  a  moisture  content  at  least  up  to  15  c.  c.  per  100  gm.  of  soil,  nitri- 
fication was  more  active  a  foot  bdow  than  nearer  the  surface.  With 
20  c.  c.  of  moisture  per  100  gm.  of  soil  the  nitrate  accumulation  a  foot 
below  the  surface  on  very  compact  soil  was  far  in  excess  of  any  nitrifi- 
cation ever  observed  under  field  conditions.  Compacting  this  soil  type 
to  two-thirds  its  loose  volume  increased  the  nitrate  accumulation  with 
any  moisture  content  up  to  25  c.  c.  per  100  gm.  of  soil. 

From  the  data  available  one  can  estimate  roughly  the  free  pore  space 
necessary  to  supply  oxygen  in  sufficient  quantities  for  maximum  nitrate 
accumulation  at  the  depths  to  which  these  experiments  were  carried  out. 
They  have  not  been  conducted  to  greater  depths  because  under  our 
field  conditions  practically  all  the  nitrate  formation  takes  place  in  the 
first  foot  of  soil.  One  hundred  gm.  of  this  soil  in  loose  condition  occupies 
approximately  116  c.  c.  of  space.  The  specific  gravity  of  this  soil  is 
2.4.  Therefore  100  gm.  of  soil  actually  occupy  approximately  41  c.  c, 
thus  leaving  75  c.  c.  of  space  to  be  occupied  by. water  and  air.  From 
Tables  III  and  IV  it  appears  that  36  c.  c.  of  water  (which  is  two-thirds 
that  the  soil  will  retain)  is  approximately  the  highest  moisture  content 
permitting  sufficient  aeration  for  optimum  nitrification  in  loose  condi- 
tion. Thirty-eight  c.  c.  did  not  permit  sufficient  aeration,  while  36  c.  c 
permitted  complete  nitrification  of  added  nitrogen.  Accordingly  39  c.  c, 
or  33.6  per  cent,  of  pore  space  were  required  for  optimum  aeration. 

On  applying  similar  calculations  to  die  medium-packed  samples,  100 
gm.  of  soil  occupied  approximately  80  c.  c.  of  space.    The  actual  volume 
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of  soil  is,  of  course,  the  same  as  in  the  loose  condition — that  is,  41  c.  c. 
This  leaves  39  c.  c.  to  be  occupied  by  air  and  moisture.  From  Tables 
IV  and  V  it  appears  that  25  c.  c.  of  water  gave  approximately  opti- 
mum moisture  conditions  for  nitrification.  This  leaves  14  c.  c,  or  17.5 
per  cent,  of  free  pore  space  necessary  for  efficient  aeration.  Similarly  1 00 
gnL  of  compact  soil  occupied  approximately  60  c.  c.  of  space.  Subtract- 
ing the  41  c.  c.  of  soil  volume  leaves  19  c.  c.  for  air  and  water.  On  refer- 
ring to  Table  V  it  is  observed  that  20  c.  c.  of  water  per  100  gm.  of  soil  did 
not  permit  sufficient  aeration  in  the  lower  strata,  while  1 5  c.  c.  did.  There- 
fore, with  an  air  content  of  4  c.  c.  per  100  gm.  of  soil,  or  6.33  per  cent  of 
free  pore  space,  oxygen  was  supplied  in  sufficient  quantities  for  maximtun 
nitrification  at  a  depth  of  12  inches.  Stoklasa  (13)  says  that  if  the  free 
pore  space  falls  below  2  per  cent  anaerobic  processes  set  in.  Even  though 
these  figures  are  meager  and  only  approximations,  it  is  evident  that 
increasing  the  moisture  content  of  a  soil  not  only  decreases  aeration  by 
actually  decreasing  pore  space,  but  also  increases  the  demands  for 
oxygen,  and,  hence,  the  free  pore  space  necessary  to  supply  sufficient 
oxygen  for  maximum  aerobic  processes.  This  is  probably  due  to  a 
number  of  factors.  According  to  Rahn  (10),  the  soil-moisture  film  should 
be  10  to  20  fi  thick  for  optimum  aerobic  conditions.  Therefore,  increasing 
the  moisture  content  until  this  thickness  is  reached  should  increase 
aerobic  activity,  provided  saturation  does  not  exclude  aeration.  Rahn's 
views  are  in  accord  with  daily  observations  that  increasing  moisture 
op  to  a  certain  point  increases  bacterial  activity.  In  the  soil  under 
study  saturation  will  result  before  this  optimum  film  thickness  is 
reached.  One  would  expect,  therefore,  that  the  more  moisture  added 
nntil  saturation  inhibits  aeration,  the  greater  the  aerobic  activity  will 
be,  and  consequently  the  greater  the  demands  for  oxygen.  The  writers 
observed  that  increasing  the  moisture  content  of  a  similar  soil  in  loose 
condition  from  12  to  20  c.  c.  per  100  gm.  of  soil,  or  from  20  to  33  per  cent 
of  saturation,  increased  nitrate  accumulation  4.8  times.  Increasing  the 
same  from  20  to  30  c.  c,  or  from  33  to  50  percent  of  saturation,  increased 
X0|  accumulation  2.6  times  that  which  occurred  at  20  c.  c.  A  further 
increase  of  from  30  to  42  c.  c,  or  from  50  to  70  per  cent,  increased  the 
nitrate  accumulation  1.4  times.  There  is  no  reason  for  not  believing 
that  other  aerobic  processes  are  increased  in  similar  proportions. 

Then,  too,  increasing  moisture  content  decreases  aeration  at  a  greater 
rate  than  it  does  porosity;  especially  is  this  true  with  relative  high  mois- 
ture contents.  This  is  due  to  the  fact  that,  as  the  water  content  increases 
the  thickness  of  the  films,  the  continuous  air  tubes  upon  which  rapid 
exchange  of  gases  is  dependent  are  closed  at  the  narrow  points  much 
faster  than  they  are  actually  filled  with  water.  When  all  such  passages 
are  dosed  and  all  available  oxygen  constuned,  aeration  will  be  inhibited 
legardkss  of  the  free  pore  space  remaining. 


Digitized  by 


Google 


54  Journal  of  Agricultural  Research  voi.xi.no.o 

The  writers  can  offer  no  satisfactory  reason  as  to  why  compacting 
increases  the  nitrate  accumulation,  but  suggest  the  explanation  that 
bringing  the  soil  particles  into  closer  contact  increases  the  thickness  of  the 
moisture  films  by  pressing  the  moisture  out  of  those  areas  actually  in 
contact,  and  thus  reducing  the  area  to  be  covered  by  film.  Abo  by 
transforming  the  films  surrounding  individual  soil  grains  into  films  sur- 
rounding clusters  the  area  to  be  covered  by  the  film  is  decreased.  The 
same  factors  operating  in  increasing  nitrification  in  compact  soil  probably 
operate  in  increasing  nitrification  in  lower  layers.  Nitrates  accumulate 
faster  in  the  lower  layers  of  a  column,  even  if  evaporation  from  the  surface 
be  stopped. 

The  question  will  very  naturally  arise  as  to  whether  the  oxygen  utilized 
in  the  lower  depths  of  such  samples  as  are  here  reported  actually  diffused 
there,  or  was  not  already  contained  in  the  freshly  aerated  soil.  From  the 
data  given  above  it  is  very  easy  to  calculate  the  maximum  amount  of 
nitrogen  that  could  be  oxidized  to  NO,  condition,  provided  all  the 
inclosed  oxygen  was  utilized  in  this  process.  If  the  soil  is  saturated,  only 
that  oxygen  actually  dissolved  in  the  water  or  adsoibed  by  the  soil  itself 
would  be  available.  As  is  well  known,  this  is  insufficient  for  a  measurable 
accumulation  of  nitrate  nitrogen;  and  it  can  therefore  be  eliminated  from 
consideration.  In  the  very  compact  soil,  with  a  moisture  content  of 
15  c.  c.  per  100  gm.  of  soil,  the  air  content  could  not  exceed  approxi- 
mately 5  c.  c,  the  oxygen  content  of  which  could  not  form  more  than 
approximately  i  .85  mgm .  of  NO,.  In  Tables  IV  and  V  it  will  be  observed 
that  under  such  conditions  the  NO,  formation  was  more  than  10  times 
this  amount.  With  20  c.  c,  in  which  there  must  have  been  a  negligible 
quantity  of  air,  the  NO,  accumulation  was  in  some  instances  more  than 
20  times  that  calculated  for  15  c.  c.  of  moisture.  Similar  calculations 
can  be  made  for  the  other  degrees  of  compactness,  and  in  all  instances  it 
will  be  foimd  that  the  NO,  formed  was  many  times  in  excess  of  that  pos- 
sible from  the  inclosed  oxygen. 

The  above  calculations  have  been  verified  experimentally,  in  that 
controls  have  been  run  with  each  experiment  to  show  that  the  nitrate 
gains  could  not  be  due  to  the  oxygen  contained  in  the  soil  when  the 
experiment  was  set  up.    The  results  reported  in  Table  VI  are  typical. 

Here  is  given,  in  parallel  columns,  the  quantity  of  NO,  accumulation  in 
open  and  stoppered  bottles  when  both  were  filled  with  soil.  With  low 
moisture  content  and  loose  conditions  nitrification,  to  a  limited  extent,  is 
possible  in  absence  of  aeration.  However,  with  a  very  compact  soil  even 
containing  low  quantities  of  water  or  with  a  high  moisture  content  even 
in  loose  condition,  the  quantity  of  inclosed  oxygen  is  insufficient  to 
prevent  decreases  in  NO,.  In  no  instance  does  the  quantity  formed 
under  inclosed  conditions  equal  that  when  aeration  was  possible. 
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Tabls  VI. — NitraU  accumulation  in  soil  in  a  sealed  container  compared  with  soil  with 
its  surface  exposed  to  the  atmosphere 

[Results  expressed  as  sain  or  loss  in  milligramB  of  NOs  per  zoo  gm.  of  soil] 


Condition. 

Gain  or  loss. 

Water  per  loo  cm.  of  soiL 

Open 
bottle. 

Stoppered 
bottle. 

C.c. 
10 

Loose 

Medium.... 
Compact . . . 

a  6o 
I.40 

a  25 
0.25 

ic 

Loose 

Medium.... 
Compact. . . 

Loose 

Medium 

Compact. . . 

Loose 

Mediimi 

Compact. . . 
Loose 

13.40 
13- 00 
5.80 
54.40 
62.20 
43- 00 
98.00 
122.  00 
43- 00 

0.82 

7.00 

—  2.  00 

la  00 

28.00 

*j • 

20 

iC 

—  2.  00 

2.50 

^  2.  00 

-14.40 
-14.40 

a8 

Medium 

Compact  . . 

It  is  evident,  therefore,  that  the  nitrate  accumulation  herein  reported 
was  possible  only  through  the  atmospheric  oxygen  diffusing  into  those 
depths  wherein  such  accumulations  have  occurred.  The  results  above 
reported  were  somewhat  surprising,  and  it  was  deemed  advidable  to  at- 
tempt a  somewhsft  similar  study  of  undisturbed  soil  columns,  it  being 
possible  that  the  manipulations  through  which  the  soil  was  carried  might 
facilitate  aeration  even  after  such  vigorous  repacking.  Accordingly 
columns  were  taken  of  the  same  soil  as  used  above  to  a  depth  of  1 2  inches 
and  incubated  in  glass  cylinders  at  room  temperature,  as  indicated  in 
Table  VII.  This  soil  had  been  thoroughly  cultivated  the  previous  season 
to  a  depth  of  7  inches. 

Table  VII. — Nitrate  accumulation  in  unbroken  soil  columns  as  compared  with  broken 

columns 

[Results  expressed  as  gain  or  loss  in  millignuns  of  ^JOs  per  loo  gm.  ol  soil] 


Sample 


Condition. 


Water. 


Initial.    Final 


Sample  from 
depth  of— 


Gain  or 


Natural  position,  unbroken 

Inverted,  unbroken 

Natural  position,  sieved .  .  . 
Inverted,  sieved 


28 
28 
28 
28 


26 
26 
24 


Incket. 

Surface 

8 

12 

Stuface 

8 

12 

Stuface 

8 

12 

Surface 

8 


25-65 
5.7^ 

—  I.3& 
3-57 

—  O.  II 

—  2.  64 
II.  09 

4-56 
2.63 
2.30 
8.^5 
".33 


Digitized  by 


Google 


Journal  of  Agricultural  Research  volxlno. 

will  be  observed  that  nitrification  was  much  more  vigorous  in  tu 
:en  soil  in  natural  position  down  to  a  depth  of  8  inches  than  in  th 
id  soil.  Below  this  depth  there  was  a  decrease,  indicating  insufficien 
tion.  This  did  not  occur  in  sieved  soil.  It  should  be  rememberec 
igh,  that  this  soil  at  such  a  depth  has  never  been  cultivated  and  als 

the  percentage  of  organic  matter  is  low  and  the  percentage  of  da 
These  factors,  coupled  with  the  fact  that  the  soil  contained  28  c.  c 
ater  per  100  gm.  of  soil,  produced  practically  saturated  condition 
he  lower  layers.  When  the  column  was  inverted,  air  could  no 
itrate  the  lower  layers  in  suflScient  quantity  to  prevent  denitrificatioi 
V  inches  below  the  surface.  It  will  also  be  observed  that  the  sieves 
column  when  inverted  gave  a  higher  nitrate  accumulation  than  i 
in  its  normal  position.  All  these  facts  are  in  accord  with  the  ex 
nents  already  given. 

addition  to  the  experiments  just  mentioned,  others  have  beei 
!ed  out  upon  a  soil  that  has  not  been  cultivated  for  seven  years 
mns  of  soil  5  inches  in  diameter  and  7  inches  long  were  taken  b) 
ing  a  sharp  edged  cylinder  into  the  soil.  These  were  easily  trans 
;d,  without  even  cracking,  to  anaerobic  jars  through  which  a  currenl 
loist  air  could  be  drawn.  At  the  same  time  100  gm.  samples  of  the 
t  soil  were  incubated  under  as  favorable  conditions  as  possible, 
quantities  of  nitrate  nitrogen  accumulating  under  such  conditions 
3f  course,  small,  because  of  the  absence  of  added  nitrogen.  Neverthe- 
the  gains  were  greater  in  the  unbroken  column  in  every  instance. 
.  addition,  in  order  to  see  whether  oxygen  could  diffuse  through  such 
columns  in  excess  of  that  required  by  the  normal  activities  of  the 
nisms  in  the  column,  the  following  experiments  were  planned  and 
ed  out.  Below  an  unbroken  column  5  inches  long  were  placed 
ches  of  sieved  soil  containing  ammonium  sulphate  and  caldum 
onate.  The  column  was  then  pressed  down  upon  the  loose  soil 
the  space  surrounding  it  filled  with  mdted  parafiin.*  This  ran  into 
racks,  etc.,  made  in  transferring  the  column  from  fidd  to  jar,  thus 
ing  conditions  such  that  all  oxygen  reaching  the  loose  soil  below  had 
lass  through  the  column.  Another  7-inch-long  column  was  well 
tened  over  the  bottom  and  lower  sides  with  a  solution  of  ammonium 
tiate  and  then  dusted  with  caldum  carbonate.     The  colunm  was 

placed  in  a  jar  and  melted  parafiin  poured  around  to  fill  all  space 
)ttom  and  sides.  In  this  instance  there  was  no  method  of  controlling 
concentration  of  ammonium  sulphate  in  the  outer  layers  of  soil, 

it  is  possible   that  it  was  suffident  to   retard  nitrification.     In 

instances  the  gain  in  nitrate  was  far  in  excess  of  that  in  untreated 

ice  these  experiments  were  carried  out,  the  senior  writer  has  called  attention  to  the  danger  of  the 
paraffin  in  such  experiments.  (Gaxnby,  P.  L.  bfpbct  or  paraffin  on  tbb  accumulation  of 
«IA  AND  NTTKATBs  IN  TH8  SOIL.  In  Jour.  Agt.  Research,  v.  xo.  no.  7.  P*  355-364*  Literature  cited,  p> 
\.  Z917.)  In  these  experiments,  however,  the  paraffin  would  probably  tend  to  eliminate  rstber 
0  accentuate  the  differences  to  which  attention  is  called. 
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soil  as  well  as  in  excess  of  any  accumulations  observed  under  field 
conditions. 

The  moisture  content  per  loo  gm.  of  soil,  incubation  period,  etc.,  are 
given  below,  along  with  results  reported  as  milligrams  of  NO,  per  loo 
gm.  of  soil  gained  or  lost.  A  sample  containing  the  same  quantities  of 
ammonium  sulphate  and  calcium  carbonate  was  also  incubated  in 
tightly  stoppered  bottles,  to  simulate  conditions  of  loose  soil  below  the 
tmbroken  column,  provided  no  oxygen  diffused  through. 

Tablb  VIII. — Nitrate  accumulation  in  unbroken  and  sieved  columns  of  soil 
[Results  expressed  as  gain  or  loss  in  milligrams  of  NOi  per  xoo  gm.  of  soil] 


Stnii)le 
No. 

Depth  of 

OOCUflU&v 

Condition. 

Moisture 
content. 

Gain  or 
loss. 

Inches. 

Tlnhmlreti-     Ttinihati»H  t  vrf^lra 

C.c. 
as 
25 
24 

24 

24 
24 

24 

24 

24 
24 

9.60 
6.50 

•32 
.07 

39.80 
14.50 

3a  00 
-.90 

Sieved,  Jficiibftted  7  weeks  

10  .    .    . 

Unbroken.    Incubated  4  weeks 

Sieved,  incubated  4  weekSr 

Unbroken.    I/)ose  soil  below  incubated  4 

weeks  .      T     T      .      t      T      -      ,     -      T    -      -    -      -    T      r    -      T T    -      T              ,-,-,-, 

Moistened  with  ammonium  sulphate,  in- 
bated  4  weeks. 

Sieved,  moistened  with  ammonitun  sul- 
phate, incubated  4  weeks. 

Sieved,  moistened  with  ammoniiun  sul- 
phate, sealed,  incubated  4  weeks. 

Unbroken.    Incubated  12  weeks 

Sieved,  inctibftted  la  ^^eeks.   

It  will  be  observed  that  the  oxygen  contained  in  the  loose  soil  was 

insuflSdent  to  prevent  dentrification,  also  that  oxygen  passed  to  the  loose 

soil  below  the  5-incli  column  in  sufficient  quantity  to  enable  a  more 

rapid  accumulation  of  NOj  than  occurred  in  loose  soil  freely  exposed 

to  the  air.     The  accumulation  in  the  7-inch  column  moistened  with 

ammonimn  sulphate  is  also  far  in  excess  of  that  where  no  nitrogen  was 

added. 

DISCUSSION  OF  RESULTS 

The  results  presented  above  are  certainly  sufficient  to  open  the  question 
of  whether  or  not  the  beneficial  effect  upon  bacterial  activity,  observed 
to  follow  cultivation,  can  be  attributed  to  increased  aeration.  The 
question  is  not  altogether  new,  for  Leather  (8)  has  pointed  out  that  the 
beneficial  effect  of  cultivation  upon  crop  production  must  be  attributed 
to  some  factor  other  than  aeration. 

The  available  data  relative  to  the  effect  of  different  degrees  of  aemtion 
tipou  nitrate  formation  is  confined  almost  wholly  to  the  effect  that 
cultivation  produces.  We  do  not  believe,  however,  that  one  is  justified 
in  attributing  the  major  effect  of  cultivation  upon  nitrification  to  better 
aeiaticm.  There  is  no  question  but  that  cultivation  may  beneficially 
influence  nitrate  formation  other  than  through  increasing  aeration.    Be 
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amtent  of  this  soil  varied  from  about  12  to  25  c.  c.  per  100  gm.  of  soil, 
averaging  approximately  20  c.  c. 

The  writers  have  also  endeavored  to  increase  aeration  by  forcing  air 
daily  into  horizontal  perforated  tubes  placed  underneath  both  cultivated 
and  uncultivated  plots  of  ground.  Such  experiments  have  been  con- 
ducted for  two  seasons  without  the  differences  in  nitrate  accumulation 
exceeding  the  experimental  error. 

Such  data  as  are  available,  therefore,  upon  the  effect  of  increasing 
aeration  under  conditions  more  nearly  approaching  normal  field  condi- 
tions are  in  accord  with  the  laboratory  results. 

There  is  another  angle  from  which  the  question  of  availability  of 
oxygen  in  soils  of  different  types,  different  depths,  etc.,  under  natural 
amditions  can  be  approached.  One  can  readily  measure,  with  a  fair 
degree  of  accuracy,  the  oxygen  actually  potentially  available  for  bacterial 
metabolism.  Such  data,  together  with  data  as  to  the  quantity  of  oxygen 
essential  for  normal  aerobic  activity,  should  be  very  valuable  in  connec- 
tion with  the  problem  under  consideration. 

Fortunately  Schloesing  (12),  in  his  original  classic  researches  upon 
nitrification,  secured  very  definite  data,  which,  so  far  as  the  writers  are 
aware,  has  never  been  refuted,  on  the  effect  of  varying  the  oxygen  con- 
tent of  the  atmosphere  upon  nitrate  acctunulation.  Working  with  a 
fertile  soil,  rich  in  humus — containing  0.263  P^i*  <^dt  of  nitrogen  and  of 
the  following  mineral  composition:  Clay  ^(argile),  14.6  per  cent;  chalk 
[calcake  fin),  19.5;  siUdous  sand  (sable  siliceux),  48;  calcareous  sand 
(sable  calcaire),  17.7 — and  with  a  moisture  content  of  15.9  parts  per  100, 
he  secured  the  results  given  below : 

Oxygen,  per  cent 1.5  6  11  16  21 

Nitric  acid  formed,  mgm 45.  7        95.  7        133.  5        246.  6        162.  6 

Incubation  was  for  four  weeks  at  temperature  of  21®  to  29®  C. 

DupUcating  this  experiment,  except  that  one  sample  received  no 
oxygen,  the  moisture  content  was  24  parts  per  100  of  soil  (as  much  as 
it  would  absorb),  and  incubation  eight  instead  of  four  months,  he  secured 
the  foUowing  results : 

Ogygen,  per  cent o  6  11  16  21 

Nitric  acid  fonned,  mgm. .  —64         199  222  203  225 

In  this  instance,  with  the  capacity  of  the  soil  to  hold  air  reduced  very 
low  and  an  oxygen  content  in  the  air  of  only  6  per  cent,  practically  as 
much  nitric  acid  was  formed  as  with  normal  atmospheric  oxygen  content, 
while  with  1 1  per  cent  of  oxygen  the  quantity  was  equal  to  that  of  normal 
air. 

It  is  also  interesting  to  note  that  the  carbon  dioxid  evolved,  a  factor, 
as  the  evidence  shows,  more  or  less  dependent  upon  oxygen  content, 
was  piactically  as  great  at  6  per  cent  of  oxygen  as  with  21  per  cent. 
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Below  are  given  the  relative  averages  of  carbon  dioxid  evolved  in  the  two 
experiments  just  cited : 

Oxygen,  per  cent o         i.  6  6  ii  i6         ai 

Carbon  dioxid  evolved,  mgm.  per 
kgm.  of  soil  in  24  hours 9.03        ia4        16.25        16.05        ^S-^S      ^7- S 

It  is  evident,  therefore,  that  for  either  the  process  of  carbon  dioxid 
formation  (partially  aerobic)  or  nitric  add  formation  (obligate  aerobic) 
the  oxygen  content  of  the  soil  atmosphere  can  be  reduced  to  one-half 
normal  atmospheric  oxygen  content  or  below  without  any  appreciable 
effect  upon  the  processes.  Also,  the  total  air  content  of  the  soil  can  be 
reduced  very  low  without  any  detrimental  effect  upon  the  bacterial 
activities  in  question,  a  fact  entirely  in  accord  with  the  data  submitted 
in  this  paper.  With  this  information  available  accurate  analysis  of  soil 
atmosphere,  both  as  to  quantity  present  and  composition,  should  give 
us  valuable  information  as  to  the  probability  of  sufficient  quantities  of 
oxygen  being  available  under  that  particular  condition.  Fortunately 
there  are  a  number  of  recent  carefully  executed  investigations  upon  soil 
gases,  particularly  those  of  Lau  (7),  Russell  and  Appleyard  (i  i),  Djarenko 
(3)»  Jodidi  and  Wells  (4),  and  Leather  (8). 

Lau  (7),  working  with  three  very  different  types  of  soil  (sand,  loam, 
and  peat)  at  Rostock,  Germany,  found,  upon  analyzing  the  soil  atmos- 
phere monthly  for  a  period  of  one  year,  that  the  carbon-dioxid  content 
varied  from  o.ii  to  0.143  P^^  cdt  at  a  depth  of  6  inches;  0.157  to  0.65 
per  cent  at  12  inches;  and  0.29  to  2.09  per  cent  at  24  inches.  The  oxygen 
varied  from  20.35  to  20.77  P^r  cdt  at  a  depth  of  6  inches;  19.99  to  20.63 
per  cent  at  12  inches;  and  18.42  to  20.19  P^^  cent  at  24  inches.  Manur- 
ing a  sandy  soil  and  cropping  to  potatoes  increased,  the  carbon-dioxid 
from  an  to  0.57  per  cent  and  decreased  the  oxygen  content  from  20.79 
to  20.22  per  cent. 

Russell  and  Appleyard  (11)  analyzed  the  soil  gases  under  the  following 
conditions  at  the  Rothamstead  Station;  Broadbalk  wilderness  (unculti- 
vated) ;  Boradbalk  wheat  field,  both  manured  and  unmanured;  and  Hoos 
field,  both  under  wheat  and  fallow.  Analyses  were  made  on  an  average 
of  three  times  a  month  for  periods  in  most  cases  extending  over  approxi- 
mately two  years.  Below  are  given  the  extreme  and  average  results  of 
their  analysis  when  air  was  drawn  from  a  depth  of  6  inches : 


Constituent. 


Carbon  dioxid 

Oxygen 

Nitrogen 


M'"iy"^*"^ 


Per  cent. 

a  oa  to    a  a8 

17.  61  to  aa  44 

78.  49  to  79.  01 


Maximum. 


Percent. 

a  38  to    a.  a7 

aa  81  to  ai.  30 

79. 38  to  8a  48 


ATcrage. 


Per  cent. 
a  30  to    a  5a 
aa  19  to  aa  4^ 
79.  as  to  79. 30 
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They  also  found  very  slight  diflferences  in  the  composition  of  air  drawn 
from  depths  of  6  inches  and  i8  inches 

Djar^iko  (3),  investigating  the  effect  of  different  methods  of  fallowing 
practiced  in  Russia  upon  the  composition  of  the  soil  atmosphere,  secured 
the  results  given  below.  He  analyzed  the  soil  gases  14  times  between 
April  20  and  September  i. 


Blade  fallow. 

April  fallow. 

June  fallow. 

Peasant  fallow. 

Min. 

Max. 

Ave. 

Min. 

Max. 

Ave. 

Min. 

Max. 

Ave. 

Min. 

Max. 

Ave. 

QiTien per  cent. . 

Air  per  liter  of  soil c.  c. 

OKjnicn  per  liter  ol  soil.ec. . 

IM 
ago 
50 

20.7 
4x0 
81.  s 

28.9 
64-5 

x9-a 
340 
48 

ax.  5 

29. 9 

41 

18.  a 
aoo 

36.  s 

aco 
330 
65.9 

29.4 
a64 
SI- 3 

10.6 
ISO 
x6 

X9.X 
380 
48 

^5-5 

ao8 
3a- 7 

Black  fallow  is  worked  in  autumn  and  again  the  following  April  and 
June.  April  fallow  is  worked  in  April  and  Jime.  June  fallow  is  first 
woiked  in  Jime.  Cattle  are  allowed  to  roam  upon  peasant  fallow  in  the 
spring,  thus  giving  it  a  much-trodden  effect.  It  is  first  cultivated  in 
Jane.     All  are  seeded  on  August  i. 

Jodidi  and  Wells  (4),  analyzing  soil  gases  from  22  plots  at  the  Iowa 
Station  daily  from  April  to  August,  inclusive,  found  the  lowest,  highest, 
and  average  monthly  analyses  to  be  0.04,  0.82,  and  0.25  per  cent  for 
carbon  dioxid  and  19.36,  21.20,  and  20.5  per  cent,  respectively,  for 
oxygen.  The  5-month  average  of  individual  plots  varied  from  0.18  to 
044  per  cent  for  carbon  dioxid  and  20.18  to  20.62  per  cent  for  oxygen. 
Samples  were  drawn  from  7  inches  below  the  surface. 

Leather  (8),  in  his  work  upon  soil  gases  at  Pusa,  India,  used  very 
different  methods  of  analysis,  which  render  it  diflScult  to  compare  his 
results  with  those  given  above.  From  a  definite  volume  of  soil  all  gases 
that  could  be  extracted  with  a  Topler  pump  were  removed  for  analysis. 
Thus,  not  only  the  air  existing  in  free  pore  space  but  also  much  that 
was  held  in  solution  was  removed.  Owing  to  the  much  greater  solu- 
bility of  carbon  dioxid  than  oxygen  and  nitrogen  in  water,  the  percent- 
age present  in  dissolved  air  is  much  higher  and  as  a  result  the  percent- 
age in  air  extracted  from  the  soil  by  this  method  is  much  higher. 
SuflSdent  data  are  not  given  for  making  the  necessary  corrections  in 
order  to  place  the  figures  upon  the  same  basis  as  those  already  given. 
By  assuming,  though,  that  the  five  instances  in  which  such  corrections 
are  made  by  the  author  are  representative,  the  carbon  dioxid  figures 
reported  below  are  approximately  five  times  too  high,  while  the  oxygen 
figures  should  be  increased  by  approximately  15  per  cent.  According  to 
Leather  (8,  p.  106) — 

When  the  total  carbon  dioxide  is  much  less  than  10  per  cent  and  the  soil  is  not  par- 
iiculady  dry,  it  is  nearly  all  in  solution. 
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the  exchange  of  gases  between  the  two  must  take  place  very  rapidly. 
This  is  true  under  practically  all  conditions  and  to  sudi  depths  for 
which  data  are  available. 

So  far  as  the  writers  are  aware,  there  are  no  data  available  invali- 
dating the  assumption  that  the  results  reported  by  Schloesing  (12)  are 
q)plicable  to  soils  in  general.  If  this  be  true,  it  would  certainly  seem 
with  the  experimental  data  now  available,  that  conditions  are  rarely  ever 
met  with  where  there  is  not  sufficient  oxygen  potentially  available  to 
insure  maximum  nitrification.  Furthermore,  Stoklasa  (13)  mentions  2 
per  cent  of  porosity  as  the  point  below  which  anaerobic  processes  become 
active,  3.8  per  cent  is  the  lowest  fotmd  recorded  for  field  conditions,  and 
sddom  does  it  fall  below  15  to  20  per  cent.  The  writers  have  shown 
that  in  a  tightly  compact  soil  with  a  moisture  content  of  15  c.  c.  per  100 
gm.  of  soil  6.33  per  cent  of  porosity  were  sufficient  for  maximum  nitrate 
accumulation  at  considerable  depths  below  the  surface.  Therefore  these 
experimental  data  and  theoretical  considerations  from  an  entirely  differ- 
ent point  of  view  all  tend  to  the  same  conclusions  as  do  the  original 
experimental  data  herein  reported. 

SUMMARY 

In  the  experimental  data  submitted  in  this  paper  it  has  been  shown 
that: 

(i)  As  the  moisture  content  of  a  soil  decreases,  increasing  the  com- 
pactness from  a  very  loose  condition  will  increase  the  accumulation  of 
nitrate  nitiogen. 

(2)  With  any  degree  of  compactness  tested  the  optimum  moisture 
content  will  be  reached  when  the  soil  contains  approximately  two-thirds 
the  total  amount  of  moisture  it  will  retain. 

(3)  Aeration  will  be  sufficient  to  the  depth  of  i  foot  with  any  degree 
of  compactness,  provided  the  moisture  content  does  not  exceed  the 
above  relation. 

(4)  Increasing  the  depth  of  column  up  to  2  feet  does  not,  as  far  as 
tested)  alter  the  above  relations.  In  fact,  the  accumulation  of  nitrate 
nitrogen  increases  with  increasing  depth  down  to  2  feet,  so  long  as  the 
moisture  does  not  exceed  approximately  two-thirds  saturation. 

(5)  Nitrate  nitrogen  accumulates  more  rapidly  in  unbroken  soil 
cdumns  than  in  pulverized  soil.  Aeration  in  a  column  of  soil  imcul- 
tivated  for  seven  years  is  far  in  excess  of  that  required  to  maintain 
aerobic  conditions. 

It  has  also  been  pointed  out  that  such  experimental  data  as  is  avail- 
able, regarding  oxygen  relations  in  normal  field  soils,  indicate  that 
obligate  aerobic  conditions  almost  universally  exists  within  the  first 
foot  (rf  surface.  Therefore  such  beneficial  effect  as  cultivating  may  have 
npon  biological  activity  can  not  be  attributed  to  increased  aeration. 
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EFFECT  OF  SULPHUR  ON  DIFFERENT  CROPS  AND 

SOILS  ^ 

By  O.  M.  Shbdd," 
Chemist,  Kentucky  Agricultural  Experiment  Station 

INTRODUCTION 

There  has  recently  been  some  discussion  as  to  the  importance  and 
supply  for  plant  growth  of  sulphur  in  its  various  compotmds  in  soils, 
and  whether  or  not  it  may  be  a  limiting  element  in  crop  production. 
While  it  is  one  of  the  essential  elements,  the  amoimts  found  by  the  old 
method  of  ashing  plants  were  so  low  in  most  cases  that  it  was  generally 
assumed  there  was  an  abundant  supply  of  its  compotmds  in  soils  for  all 
€rt^  requirements.  More  recently,  however,  it  has  been  demonstrated 
by  improved  methods  of  analysis  that  most  plants  contain  much  more 
sulphur  than  was  formerly  thought  to  be  the  case,  owing  to  the  fact  that 
in  many  instances  by  the  old  method  the  bulk  of  the  sulphur  was  lost 
on  ashing  the  plant,  and  therefore  was  overlooked.  The  question  then 
arose  as  to  whether  there  is  an  ample  supply  of  sulphur  compounds  in 
soQs  for  crop  needs  and  especially  for  the  best  growth  of  those  which  are 
now  known  to  have  a  high  sulphur  content. 

Hart  and  Peterson  (4),*  of  Wisconsin,  later  the  writer  (5),  and  after- 
Wtfds  Brown  and  Kellogg  (2),  of  Iowa,  Ames  and  Boltz  (i),  of  Ohio, 
and  others  have  found  that  the  sulphur  content  of  many  soils  is  low  and 
that  there  has  been  a  decided  loss  of  sulphur  in  some  soils  which  have 
been  cultivated  for  a  long  term  of  years  when  compared  with  the  cor- 
responding virgin  soils. 

Some  investigators  contend  that,  although  some  soils  are  low  in  sul- 
phur, lower  in  many  cases  than  in  phosphorus,  this  is  compensated  for 
by  the  amount  brought  down  in  the  rainfall;  and  as  a  result  it  will  never 
be  a  limiting  element  in  crop  production.    There  are  others,  however, 

'  Apfirored  for  p«ibHcatioo  In  the  Joiinwl  ol  Agriadttual  Resear^ 
ktfcy  Acikaltitnl  Bxperiznait  Station,  July  »s*  Z9Z7* 
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who  maintain  that  the  sulphur  brought  down  in  the  rainfall  will  not 
equal  the  loss  of  this  element  in  the  drainage,  and  their  point  seems  to 
be  established  by  the  limited  work  that  has  been  done  along  this  line. 
They  contend  that  the  appUcation  of  sulphur  compounds  may  be  bene- 
ficial for  the  maximum  production  of  crops  high  in  sulphur  when  they 
are  grown  on  soils  that  are  low  in  this  element. 

To  establish  this  point,  numerous  experiments  have  been  carried  on, 
at  first  abroad  and  later  in  this  country;  and  many  of  these  have  been 
mentioned  in  former  publications  (1-6).  Since  then  other  work  has 
been  published  or  started  along  this  line,  but  it  is  not  thought  necessary 
to  describe  these  experiments  here  further  than  to  state  that  in  some 
cases  decidedly  beneficial  results  have  been  obtained  by  appl3dng  sul- 
phur or  its  compounds  to  some  soils  and  crops;  in  other  instances  no 
benefits  were  obtained;  and  in  still  other  experiments  an  injury  was 
noted.  These  variations  are  to  be  expected  when  different  soils  and 
crops  are  employed  in  experiments. 

In  demonstrating  the  effect  of  a  given  element  on  plant  growth  it  is 
sometimes  extremely  difficult  to  arrange  the  experiment  so  as  to.  prove 
the  desired  point,  for  the  reason  that  the  element  is  generally  applied  in 
combination  with  other  elements;  consequently  the  results  are  not  always 
easy  of  interpretation. 

EXPERIMENTAL  WORK 

In  an  effort  to  avoid  the  above  difficulty  the  writer  used  flowers  of 
sulphur  mixed  with  soil  to  which  the  necessary  fertilizing  ingredients 
were  added,  together  with  calcium  carbonate.  For  this  purpose  eight 
surface  soils,  taken  to  a  depth  of  6%  inches,  each  representing  a  distinct 
type  in  Kentucky,  were  selected;  and  on  these  were  grown  five  different 
crops.  These  soils  had  been  in  cultivation  for  a  number  of  years  and, 
with  one  or  two  exceptions,  had  had  little  manure  or  fertilizer  added. 
Their  locations  and  descriptions  are  as  follows: 

No.  89a. — Eastern  coal-field  area,  Lawrence  County,  from  the  farm  of  Ernest 
Shannon,  3  miles  west  of  Louisa  and  20  rods  north  of  the  Louisa-BussyviUe  road. 
This  land  had  been  ctdtivated  over  60  years;  no  fertilizer  used;  produced  about  20 
bushels  of  com  per  acre.    The  land  appeared  to  be  somewhat  worn. 

No.  893. — St.  Lotus-Chester  area,  Warren  County,  from  the  Alderson  farm,  i  mile 
west  of  Bowling  Green.  This  land  had  been  cultivated  for  60  years;  no  fertilizer 
used;  produced  about  30  bushels  of  com  and  15  bushels  of  wheat  per  acre. 

No.  894. — Cincinnatian  area,  Mason  County,  from  the  farm  of  John  M.  Chambers, 
about  2}4  miles  northwest  of  Washington.  This  land  had  been  continuously  cropped 
for  nearly  100  years;  very  little  fertilizer  added;  was  worn  out  and  produced  very 
poor  crops. 

No.  895. — ^Western  coal-field  area,  Muhlenburg  County,  from  the  Station  experi- 
ment field,  2}4  miles  southwest  of  Greenville.  This  land  had  been  cultivated  for  40 
years,  and  some  fertilizer  and  manure  used.  It  produced  30  bushels  of  com,  12 
bushels  of  wheat,  and  z  ton  of  hay  per  acre. 
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No.  896. — ^Keokuk- Waverly  area,  Barren  County,  from  the  Underwood  farm  near 
Roseville.  The  land  had  been  long  in  cultivation ;  was  worn  out;  had  little  fertilizer 
used  and  produced  20  bushels  com,  8  bushels  wheat,  and  12  bushels  oats  per  acre. 

No.  897.— Quaternary  area,  McCracken  County,  from  the  Station  experiment  field, 
about  3  miles  southwest  of  Paducah,  at  Lone  Oak.  A  part  of  this  land  had  been 
cnltivated  for  15  years,  the  remainder  for  30  years.  Some  stable  manure  had  been 
added.  It  produced  about  15  bushels  of  com,  8  bushels  of  wheat,  and  i  ton  of  hay 
per  acre. 

No.  898. — ^Devonian  area,  Madison  County,  from  the  farm  of  Mark  Settle,  northwest 
of  Big  Hill.  This  land  had  been  cultivated  for  50  years;  was  much  worn ;  no  fertilizers 
ned.    It  produced  15  bushels  of  com,  10  bushels  of  wheat,  and  }4  ton  of  hay  per  acre. 

No.  899. — Silurian  area,  Jefferson  County,  from  a  farm  adjoining  the  Fair  Grotmds 
voods at  Fern  Creek.  The  land  had  been  ctdtivated  for  many  years;  was  much  worn; 
BO  commercial  fertilizers  and  little  stable  manure  used.    It  produced  light  crops. 

Before  the  experiments  were  started  the  soils  were  partially  analyzed 
iod  found  to  have  the  following  composition,  in  pounds  per  acre,  on 
assuming  that  the  surface  6^  inches  weighs  2,000,000  pounds  (Table  I) : 

TablS  I. — CompoHtion  of  experimental  Kentucky  soils 

Caldmn 
Soil  number.  xwupnw       /««" .       ooipnaie     caibonate 


«9» 

«99 


Total  pho»- 

Total 

Sulphate 

phorus.a 

sulphur.  t> 

sulphur.  <: 

360 

180 

160 

540 

400 

140 

i»540 

520 

180 

520 

420 

200 

400 

700 

240 

520 

400 

200 

400 

240 

200 

600 

380 

200 

393 
129 

3»i7<^ 
107 

36 

It  335 
107 


/Macanrinin-nitiaU  method  (Wiley,  H.  W.,  ed.  Official  and  provisional  methods  of  analysis,  A8So> 
qnjan  d  Official  AgriniltuTal  Chemists.  As  comoiled  by  the  Committee  on  Revision  of  Methods.  U.S. 
Dcpt  Agr.  Bur.  Chem.  Bui.  X07  (rev.),  p.  3.    Z908.) 

^  6odimB<peraxid  method  (5). 

«  Bydfodilorio«dd  (sp.  £r.  z.zzs)  dlsestJon  (Wiley,  H.  W.    Idem,  p.  14). 

'Bopkins  method  (WUey>H.W.    Idem,  p.  ao). 

These  soils  were  air-dried,  put  through  a  coarse  sieve,  and  15  pounds 
fm  triplicate)  were  placed  in  2-gallon  glazed  earthenware  jars,  supplied 
with  drainage  and  thoroughly  mixed  with  the  following  materials,  added 
it  the  rate  of  pounds  per  acre  of  soil  on  the  above  assumption  of  soil 
wdght: 

500  pounds  of  tricalcitim  phosphate,  C.  P.,  precipitated. 
200  pounds  of  potassimum  nitrate,  C.  P. 
8,000  pounds  of  caldum  carbonate,  C.  P. 
100  pounds  of  flowers  of  sulpl)ur;  or 
300  pounds  of  flowers  of  sulphur. 

Triplicate  jars  like  the  above  were  also  prepared  of  each  soil,  except 
that  the  sulphur  was  omitted;  and  these  were  used  as  controls. 

Sbribs  I :  SOYBEANS. — ^Fifteen  uninoculated  soybean  seeds  {Soja  max) 
were  planted  in  each  jar  in  the  greenhouse  on  November  2,  1914,  and 


Digitized  by 


Google 


94  Journal  of  Agricultural  Research  voLxi.Na.4 

watered  in  all  cases  with  the  same  amount  of  distilled  water.  When  the 
plants  were  about  3  inches  in  height,  they  were  thinned  to  6  plants  of 
average  size  in  each  jar.  After  the  pods  had  matured,  which  took  place 
at  diflferent  times,  according  to  the  soil,  the  plants  were  cut  close  to  the 
ground,  air-dried,  and  weighed.  They  were  cut  on  the  following  dates: 
No.  894  and  895  on  December  31;  No.  892  and  893  on  January  9;  and 
the  remainder  on  January  19,  1915. 

Series  n:  cix)ver. — ^After  the  plants  in  Series  I  had  been  cut,  the  soil 
in  each  jar  was  sifted,  and  25  inoculated  red-clover  seeds  (Trifoliu^m 
pratense)  planted.  After  germinating,  these  "were  thinned  to  15  average- 
sized  plants  in  each  jar.  The  plants  were  allowed  to  grow  until  they 
had  attained  a  height  of  about  10  inches.  Four  cuttings  were  made  at 
a  distance  of  about  2  inches  from  the  crown.  When  cut  in  this  manner 
and  not  allowed  to  blossom,  the  plants  grew  faster,  and  this  procedure 
was  followed  until  July  14,  whai  the  weather  became  too  warm  for 
greenhouse  experiments. 

Series  m:  oats. — ^The  soil  in  each  jar  of  Series  II  was  pulverized 
and  stirred  to  a  depth  of  6  inches,  and  on  December  23,  1915,  36  Burt 
oat  seeds  (A  vena  sativa)  were  planted  in  each.  Two  weeks  later  they 
were  thinned  to  25  average-sized  plants  in  each  jar,  and  potassium 
nitrate  was  then  added  in  solution  at  the  rate  of  100  pounds  per  acre 
and  repeated  on  February  15.  On  May  12,  1916;  after  the  seed  had 
matured,  the  plants  were  cut  close  to  the  ground,  air-dried,  and  weighed. 

Series  iv:  alfai^pa. — Similar  jars  of  the  same  soils  used  in  Series  I  to 
III  were  prepared,  and,  in  addition,  jars  representing  200  pounds  of 
sulphur  per  acre  were  included  in  triplicate.  Thirty-five  inoculated 
alfalfa  seeds  {Medicago  sativa)  were  planted  on  October  14,  1914,  in  each 
of  the  jars  containing  soil  from  Warren,  Mason,  Muhlenburg,  and 
McCracken  Counties,  and  a  like  number  on  November  6  in  the  remainder. 
On  November  17  the  plants  were  thinned  to  15  average-sized  plants,  and 
cuttings  were  made  at  intervals — ^whenever  the  plants  attained  a  height 
of  about  10  inches — ^just  as  was  done  in  Series  II.  Five  cuttings  were 
made  from  the  Lawrence,  Barren,  Madison,  and  Jefferson  County  soils, 
and  six  from  the  remainder.  Pinal  cuttings  cm  all  were  made  on  July  9, 
191 5,  when  the  experiments  were  stopped. 

Series  v:  wheat. — ^The  soils  in  Series  IV  were  stirred  and  pulverized 
to  a  depth  of  6  inches  and  on  December  23,  191 5,  were  planted  with  36 
Jersey  Fultz  wheat  seeds  (Triticum  aesiivum)  in  each  jar.  The  plants 
were  thinned  to  25  average-sized  plants,  and  potassium  nitrate  was 
added  in  the  same  amounts  and  at  the  same  time  as  in  Series  III.  On 
June  13,  1916,  after  the  seeds  had  matured,  the  plants  were  cut  dose 
to  the  ground,  air-dried,  and  weighed. 

The  weight  in  grams  of  the  total  air-dry  materials  in  Series  I— V, 
together  with  the  percentage  gains  or  losses  are  given  in  Table  IL 


Digitized  by 


Google 


Oct «.  1917      Effect  of  Sulphur  on  Different  Crops  and  SoUs 


95 


XiBLS  U.—Wtigkt  (in  grams)  and  ptrcMtage  gains  or  lossts  of  the  total  air-dried  maU- 

rial  of  Series  I  to  V 


LAWRSNCS  COUNTY  SOIL,  EA8TBRN  COAIrPIBLD  A 

JtSA 

Soybcsns. 

Clover. 

o«u. 

AUalfa. 

Wheat. 

ftantity  ol  sulphitr  per  acre. 

Hay. 

Grain. 

Hay. 

Straw. 

GiafaL 

Hay. 

Straw. 

Grtin. 

CoBtrol 

6.9 
4.7 
4.9 

0.5 
1-3 
I.  I 

24.1 
15-4 
17-3 

28.7 
3<x8 
25- 3 

"•3 
"•3 
12.7 

23.1 
22.6 
21.0 

26.6 

23-4 
24.2 

\:l 

Do 

Do 

1.9 

Total 

16.5 

2.9 

56.8 

84.8 

36.3 

66.7 

74.2 

5-0 

nooonds 

6.0 
6.4 
5-2 

•9 
1. 1 
I.  0 

*5-^ 
18.6 

33.6 

29.  6 
28.8 
30-3 

13-4 

13- a 
12.7 

22.5 
17.3 

21-5 

29.9 
25- 4 
25- 1 

1.6 

r!^...;..:::;. ::::;:: 

Do 

1.9 

Total 

17.6 

3.0 

67.6 

88.7 

39-3 

61.3 

8a4 

6.7 

mpomids 

21.0 
23.6 
22.7 

28.6 

24.3 
32.0 

2. 4 

^..v;;::::::;:::::: 

1-7 

2!  0 

Do 

Total 

67.3 

84.9 

6.1 

WARRBN  COUNTY  SOIL,  ST.  LOUIS-CHBSTBR  ARBA 


Qntrol 

^'2 
7.6 

7.2 

.8 

.8 

1.6 

33.0 
27.8 
26.0 

20.9 
26.  I 
22.  5 

9.6 

34.1 
4a  2 

38.9 

23.6 

24.7 
21.  9 

4.4 
5.3 
3.1 

Do 

Do 

Tbtal 

23.5 

3-2 

86.8 

69.5 

27.6 

113-2 

7a  2 

12.8 

loopotmds 

7-3 

I.  0 
1.2 
1. 1 

27.2 

24.1 
28.1 

28.9 

22.  6 

9-5 

39.8 
41. 1 
39- 1 

22.2 
28.0 
25.0 

2.9 
4.0 
50 

dT^ :.:...:.... 

Do 

Total 

19.  0 

Z'Z 

79-4 

77.0 

27.0 

12a  0 

75-2 

II.  9 

«»  pounds 

40.3 
41.2 
41.4 

32.8 
26.  5 
26.4 

6.2 

*Dr^.. ...:::::: 

11 

Do 

Total .. 

122.9 

85.7 

16.3 

MASON  COUNTY 

SOIL,  CINCINNAnAN 

ARBA 

CbbJidI 

1' 

8.2 

4.6 
4.4 
4.1 

27.7 
19.0 
19- 5 

17- 5 
X7.3 
23- 3 

6.5 

36.1 

39- 0 
37.9 

24.0 
26.5 
27.0 

5-0 
3tS 
4.0 

Do 

Do 

Total 

26.2 

13- 1 

66.2 

58.1 

22.9 

113.  0 

77.5 

12.  5 

100  pounds 

9-^ 
8.2 

9.2 

4.8 
4.1 
4.9 

15-4 
13-9 
17.2 

x8.6 
19.8 
23.8 

8.4 
&2 
7.2 

43- 0 

47- 1 
4a3 

26.0 
29.0 

25-3 

4.0 
4.7 

S) 

Do 

Total.... 

26.5 

13.8 

46.5 

62.3 

23.8 

I7Q.  ^ 

ftft  ^ 

X3.7 

""•O**  0    ]  ""^  0 

'oopoands.... 

36.3 

31-4 

•>.6 
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Tablb  II. — Weighi(in  grams)  and  percentage  gains  or  losses  of  the  total  air-dried  mate- 
rial of  Series  I  to  K— Continued 

IfUHI^SNBURO  COUNTY  SOILi  WBSTBRN  COAL-PISLD  AKSA 


Quantity  of  tulphor  per  acre. 

Soybeans. 

Clover. 

Oats. 

Atfalfa. 

Wheat. 

Hay. 

Grain. 

Hay. 

Straw. 

Grain. 

Hay. 

Straw. 

Grain. 

Control 

11.  8 
II. 6 

12.  2 

1:1 

6.8 

27.2 
29.0 
26.0 

23.7 
21.7 

25.9 

IO-3 
9-3 
9.2 

38.3 
39-2 
40.1 

30.0 
30.2 
>27. 0 

7.0 
6.8 

Do 

Do 

S-o 

Total 

35-6 

20.8 

82.2 

71.3 

28.8 

117. 6 

87.2 

18.8 

ICO  Dotinds 

II.  0 

9-4 

".5 

6.8 
5.6 

24.6 
23.5 

2a  s 

25-3 
24.3 
24.7 

ia7 

t.i 

42.  s 

41. 1 
39.7 

25  6 
29.7 

7.3 

^.  ::.:.:.... 

Do 

Total 

32.9 

16.2 

67.6 

74.3 

28.7 

123.3 

86.6 

19-4 

200  pounds 

29.9 
44.1 
39.2 

26.0 

27.3* 
26,9 

5-0 
2.7 

5-1 

Do 

Do 

Total 

113.  2 

8aa 

12.8 

BARRBN  COUNTY  SOIL,  KBOKUK-WAVBRLY  AREA 


Control 

8.0 
5-4 
71 

1. 0 
2.4 
2.3 

28.7 
28.1 
17.9 

31.2 
27.4 

29-5 

12.9 
14.6 
13- 5 

27.8 
26.4 
28.0 

31.6 

31.5 
33.2 

!i 

Do 

Do 

Total 

20.5 

5-7 

74.7 

88.1 

41.0 

82.2 

96.3 

17.7 

100  tx>tuids 

7.4 
5.0 
6.4 

2.4 
1.8 

3-3 

28.9 
20.  5 
22.6 

28.6 
25.8 
31- 3 

12.4 
12.3 
12.7 

24.0 
30.9 
28.4 

30.8 
33-7 
33-9 

6.2 

loo^as      ......    ... 

6. 1 

Do 

Total 

18.8 

7.5 

72.0 

85.7 

37-4 

83.3 

98.4 

18.6 

200  pounds 

25.1 
25.6 
27.4 

32.5 
28.  7 
34.2 

6.S 

n 

Do 

Do 

1 

Total 

i 

78.1 

95-4 

16.6 

MCCRACKEN  COUNTY  SOIL,  QUATERNARY  AREA 


Control 

9.9 

1:1 

2.5 
2.7 
30 

28.4 

32.3 
14.8 

21.9 

32.9 
29.1 

12. 1 
14. 1 
13- 9 

45-8 
46.5 
49-3 

29.5 
32.1 

32.7 

^5 
6.3 

Do 

Do 

Total 

a7.6 

8.2 

75-5 

83.9 

4a  I 

141. 6 

94.3 

19.7 

zoo  Dounds 

II 

la  2 

2.4 
2.4 
2.  2 

18.8 
22.7 
23.6 

32.1 
32.9 
28.3 

IS- 9 
14. 1 
12.7 

48.4 
50.8 
51- 4 

30.6 
29.1 
28.9 

5-4 
5-9 
7-1 

^  : :.:.. 

Do 

Total 

28.3 

7.0 

65.1 

93-3 

42.7 

isa6 

88.6 

18.4 

46.0 
49.8 
53-2 

30-7 
32.9 
31- 6 

8.3 

Do 

7.1 

Do 

M 

Total 

149.9 

95-2 

31.8 
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Table  II. —  Wti^  (in  grams)  and  percentage  gains  or  losses  of  the  total  air-dried  mate* 
rial  of  Series  I  to  V — Continued 

MADISON  COUNTY  SOIL,  DEVONIAN  ARBA 


QoBBtity  of  Milphitf  per  acre. 

Clover. 

Oats. 

Al&d^ 

Wheat. 

Hay. 

Grain. 

Hay. 

Straw. 

Grain. 

Hay. 

Straw. 

Grain. 

Control 

7.0 
6.8 
6.7 

a.  3 
2.3 
2.4 

27.2 
24.8 

23.0 
26.8 
22.3 

13-0 
12.  2 
12.7 

19.9 
30.2 
16.9 

33.4 
23.0 

33.3 

8.6 

Do 

31 
5-7 

Do 

Total 

20.  s 

6.9 

79.1 

72.1 

37.9 

67.0 

89.7 

17.4 

7.6 
8.6 

2.6 

1.7 

3-1 

24.1 
30.0 
24.0 

33- 5 
as- 4 
23- I 

"1 
13.6 

15.0 

Z8.8 

30.7 
28.7 

26.8 
20.4 

3-3 
5.6 

^T*.;v;;::::::::::::: 

Do 

Total 

25. 4 

7-4 

78.1 

72.0 

41. 1 

78.2 

78.3 

13.8 

MDoands 

30.5 

30-7 
19-5 
32-3 

7.3 
6.7 

S~  ...v.;;:...:.::::; 

Do 

Total 

86.2 

82.5 

16.5 

JBFPBSSON  COUNTY  SOIL,  SILURIAN  ARBA 


Cootiol 

ia4 
8.8 
9-4 

2.6 
3.8 
3.1 

13.6 
13.6 

34.5 
26.7 

25-9 

"5 
13-3 
13- 1 

35-7 
34.9 
38.2 

33-4 
33.8 

34.5 

8.6 

Do 

8.2 

Do 

75 

Total 

28.6 

8.5 

43.5 

77.1 

37-9 

Z08.8 

101.7 

24.3 

xooDotmds 

ia9 
II.  8 
10.5 

3- a 
3-4 
3.5 

16. 1 
z<^.  0 
15.  7 

24.9 
22.7 
24.0 

13- 1 
13- 3 
13.0 

37.1 
41.0 

38.9 

34.3 
33.6 

33-4 

f-7 
8.4 

sr^.:...:.:::::::::.: 

Do 

7.6 

Total 

33-3 

lai 

50.8 

71.6 

39-4 

117. 0 

ioa3 

24.7 

900  pounds 

34.8 
33.8 
35.1 

32- 0 
31-4 
31-7 

n 

sr^...;.:..: 

Do 

8.3 

Total 

103.7 

95- 1 

33.9 
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.B  II. —  Weight  {in  grams)  and  percentage  gains  or  lasses  q/*  ike  total  air-dried  mate- 
rial  of  Series  I  to  V — Continued. 

PBSC9NTA09  OAIN  OR  IX>SS 


Quantity 
qI  sul- 
phur 
added 

per  acre. 

Soybeans. 

Clover 
hay. 

Oats. 

Atfatfa 
hay. 

Wheat. 

Mtnty. 

Hay. 

Grain. 

Straw. 

Grahi. 

Straw. 

Qnm. 

■encc 

Do 

Pounds. 
zoo 
200 
zoo 
200 

zoo 

200 

zoo 

200 
ZOO 
200 
ZOO 
200 
ZOO 
200 
ZOO 
200 

+  6.9 

+  3.4 

+Z9.0 

+  4.6 

+8.3 

-  8.Z 

+     .9 
+  6.0 
+  8.6 

+15-3 

-  4.0 
+  4.8 

^tl 
+  1:: 

+z6.  7 

+28.7 
+  7.5 

-  4.7 

+  8.4 
+Z4.4 
+  7.1 

+22.  Z 
+    3.6 
+2Z.7 

Zil 

+   2.  2 

+  .9 

-Z2.7 

-  S.O 
-1.4 
-6.5 

+34- c 

+23.  C 

en 

I>o 

-Z9.Z 

+  3.1 

-8^5 

+za8 

—2.2 

-7.C 
+27-3 
+  9.^ 
+33-3 
+  3-2 
-3I-5 

n 

+   1. 1 

+  5-3 

-29.8 

+  7.1 

+3.9 

Oo 

ienbuig.. 
[>o 

-   7.6 

—22.  z 

-Z7.3 

+  4.2 

-    -03 

;n 

Do 

-  8.3 

+31.6 

-3.6 

-2.7 

-8.8 

racken... 
[)o 

+  2.5 

-Z4.6 

-Z3.7 

+ZZ.  2 

+6.5 

-  6.e 

+  10.; 
-2a; 

son 

Oo 

+23-9 

+  7.2 

-  Z.3 

—    .  z 

+8.4 

reon 

Do 

+  z6.  z 

+Z8.8 

+  4.7 

-  7.Z 

+4.0 

5CT  OF  SULPHUR  ON  THB  TOTAI^  AND  SULPHATl^SULPHUR  CONTENT  01 
SOYBEANS,  CU)VER,  AND  AI.FALFA 

be  air-dried  plants  in  Series  I,  II,  and  IV,  were  finely  ground  for  thij 
c,  a  composite  sample  being  made  of  the  triplicates  in  each  case,  anc 
soybean  seeds  were  ground  with  the  corresponding  sample  of  hay. 
ie  total  sulphur  determinations  were  made  by  the  sodiiun-peroxid 
iod*  and  the  sulphate  sulphur  was  determined  by  the  following 
edure: 

m  gm.  of  material  were  digested  in  400  c.  c.  of  water  on  the  watei 
I  for  several  hours,  with  frequent  stirring.  It  stood  overnight,  anc 
made  to  500  c.  c.  volume,  first  deducting  the  voliune  occupied  b) 
sample.  This  was  then  filtered,  and  a  5-gm.  aliquot  used,  to  whict 
added  i  c.  c.  of  hydrochloric  add  (1:1)  to  precipitate  the  proteir 
organic  matter.  The  whole  was  then  heated  on  the  water  bath  sev- 
hours  longer,  allowed  to  stand  overnight,  filtered,  and  washed 
filtrate  was  made  slightly  acid  with  hydrochloric  acid,  heated,  and 
lun  sulphate  precipitated  by  adding,  hot,  10  per  cent  barium-chlorid 
don,  and  letting  it  stand  overnight, 
bie  results  obtained  on  the  above  samples  are  given  in  Table  III. 

slight  modification  was  used,  whidi  is  now  the  official  method  of  the  Assodation  of  Official  Agci* 
al  Chemists  (^i]ey,H.W..ed.    Op.  dt..  p.  93.) 
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Tabus  UI.—Percfntag§  of  total  and  sulphate  sulphur  in  air^ry  soybeans,  clover,  and 

alfalfa 

SOYBSANS 


(Entity  of  soli^iur  to  the  acre. 

Law- 
rence 
County. 

War- 
ren 
County. 

Mason 
County. 

Muhlen- 

bnrg 
County. 

Barren 
County. 

Mc- 

Cimdcen 
County. 

Madi- 
son 
County. 

Jeffersoa 
County* 

OmtioL: 

Total  sulphur 

a  207 
.025 

0.301 
.038 

0.252 
.079 

0.260 
.068 

a  209 
.039 

0.223 
.049 

0.  198 
.042 

0.  202 

Sulphate  sulphur. ........ 

.056 

*              * 

Residual  sulphur 

.182 

.263 

•173 

.192 

.170 

.174 

.  156 

.146 

100  pounds: 

Total  sulphur ^ 

Sul|^iate  sulphtur 

.302 
.037 

.376 
.044 

.096 

.278 
.086 

.229 

.035 

.247 
.054 

.237 
.056 

;33 

Residual  sulphur 

.265 

•332 

.202 

.192 

.194 

•193 

.181 

.171 

CLOVER 


Qootiol: 

Total  sulphur 

0.238 
.097 

0.  276 
.140 

0-275 
.125 

0.304 
•143 

0.219 
.084 

0.213 
.081 

^:^xll 

0.231 
.071 

Snlohate  sulnhur 

Residual  sulphur 

.141 

.136 

•150 

.161 

.135 

.132 

•  131 

.160 

100  pounds: 

Total  sulphur 

.267 
.130 

.281 
.152 

.321 
.178 

.ili 

.248 
.  100 

.291 
.107 

.340 
.198 

.351 
•  195 

Sulphate  sulphur 

Residual  sulphur 

•137 

.129 

•  143 

.161 

.148 

.184 

.142 

.156 

ALFALFA 


ODDtiol: 

Total  sulphur 

0.410 
.168 

0.457 
.223 

0.352 
.142 

0.409 
.209 

0.334 
•  152 

0.306 
.123 

0.387 
.204 

0.284 

Sulphate  ^phur 

•093 

Residual  sulphur 

.242 

.234 

.  210 

.200 

.182 

.183 

.183 

.191 

100  pounds: 

iVrfgl  sulnhur 

.265 

.480 
.256 

•425 
.205 

•451 
.265 

.206 

.398 
.166 

.467 
.267 

'til 

Sulphate  sulphur 

Residual  sulphur 

.246 

.224 

.  220 

.186 

.191 

.232 

.  200 

.187 

soo  pounds: 

Tfrtal  sulphiu* 

'Ml 

.503 
•301 

.528 
•349 

.463 

.295 

.422 
.213 

.409 

.  212 

•-♦74 
.298 

.  dia 

Sulphate  sulphur- , . .  -  r .  -  - 

.218 

Residual  sulphur 

.231 

.202 

.179 

.167 

.209 

.197 

.176 

.194 
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FORMATION  OP  SULPHATE   IN   SBBDS  ON  GERMINATION 

As  the  results  in  Table  III  indicate  that  the  excess  of  sulphur  in  those 
plants  which  have  been  grown  in  soil  to  which  this  element  has  been 
added  exists  in  the  form  of  sulphate,  it  was  thought  that  it  might  be  of 
interest  to  ascertain  whether  sulphate  is  formed  in  seeds  from  their 
sulphur  compotmds  when  they  are  allowed  to  germinate. 

As  a  control  the  sulphate  was  determined  in  the  finely  ground  tmger- 
minated  seed  by  the  same  method  used  for  the  work  in  Table  III,  and 
about  the  same  weight  of  the  seeds  were  then  allowed  to  germinate  in 
covered  dishes  between  cheesecloth  kept  moistened  with  distilled  water, 
after  which  the  sample  was  grotmd  in  a  mortar  and  the  sulphate  deter- 
mined. As  a  precaution  all  precipitates  of  barium  sulphate  were  fused 
with  sodium  carbonate  and  repredpitated  and  blanks  made  on  the 
reagents. 

The  results  of  these  experiments  are  given  in  Table  IV. 

Table  IV. — Percentage  of  sulphur  existing  as  sulphate  in  seeds  before  and  after 

germination 


Variety. 


Before 


After 
genniiui- 


Increase 

riurtng 


Period  of 


Com.. 

Beans 

Co^ 

Alfi 

Millet.... 

Oats 

Soybeans. 
Wheat... 
Hemp . . . 
Timothy. 

Rye 

Tobacco.. 

Peas 

Onion 

Bluegrass 
Clover. . . 


None. 
None. 
None. 
None. 
None. 
None, 
a  0007 
.0007 
.C014 
.0034 
.004S 
.0072 
.0117 
.0220 
.0258 
.0483 


None. 

a  0003 

.0079 

.0144 
.0223 
.0312 
.0034 
.0219 
.0107 
.0316 
.0168 
.0261 
.0212 
.0566 
.0309 
.0447 


None. 

0.0003 

.0079 

.0144 
.0223 
.0312 
.0027 
.0212 
•0093 
.0282 

.0Z20 
.0189 
•0095 
.0346 
.0051 
a. 0006 


Dajfs. 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

'I 

6 

'I 


aLoas. 

GENERAL  DISCUSSION 

While  a  few  of  the  duplicates  in  Table  II  vary  widely,  yet  on  the  whole 
they  agree  fairly  well,  considering  work  of  this  character.  If  an  allow- 
ance of  10  per  cent,  compared  with  the  controls,  which  is  a  safe  amount, 
is  made  for  tmavoidable  factors,  then  we  find  from  an  examination  of 
Table  II  that  applications  of  sulphur  have  affected  the  crops  grown  on 
the  soils  from  the  different  counties  as  follows: 

Lawrence. — Beneficial,  clover  from  the  smaller  application  and  wheat 
grain  and  straw  from  the  larger  application.    Injurious,  none. 
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Warsbn. — ^Beneficial,  oat  straw  from  the  smaller  application,  and 
wheat,  both  in  grain  and  straw,  from  the  larger  application.  Injurious, 
soybean  bay. 

Mason. — Beneficial,  alfalfa  and  wheat,  both  in  grain  and  straw,  from 
the  laiger  application.     Injurious,  clover. 

Mum^ENBURG. — ^Beneficial,  none.  Injurious,  soybean  grain,  clover,  and 
wheat  grain  from  laiger  application. 

Barren. — Beneficial,  soybean  grain.     Injurious,  none. 

McCracken. — Beneficial,  oat  straw  and  wheat  grain  from  larger  appli- 
cation.    Injurious,  soybean  grain  and  clover. 

Madison. — Beneficial,  soybean  hay  and  alfalfa.  Injtuious,  wheat, 
both  in  grain  and  straw,  from  smaller  application. 

JBPFERSON. — ^Beneficial,  soybeans,  both  in  hay  and  grain.  Injurious, 
none. 

From  the  foregoing  we  find  that  the  sulphur  has  affected  the  crops 
differently,  depending  on  the  soil.  Some  tmdoubtedly  were  benefited, 
others  were  injured,  while  in  many  cases  no  effect  was  apparent.  On  the 
whole,  there  is  a  preponderance  of  gains  from  the  sulphur,  although 
generally  small.  * 

Some  observers  have  found  that  sulphur  had  a  more  marked  effect 
on  certain  crops  when  applied  to  soils  fairly  well  supplied  with  organic 
matter.  What  the  effect  would  have  been  if  such  had  been  the  case 
here  or  if  the  other  fertilizing  ingredients  had  been  omitted  is  not  easy 
to  forecast,  for,  as  stated  before,  it  is  difficult  to  have  all  soil  conditions 
ideal  in  order  to  prove  a  certain  point.  Soil  fertility  involves  so  many 
factors  that  its  study  is  very  complicated.  The  question  of  mineral 
phnt  food  has  occupied  considerable  attention,  and  rightly  so,  but 
oftentimes  another  important  side  has  been  overlooked — ^namely,  the 
organic  matter,  involving,  as  it  does,  all  bacterial  activities  of  the  soil. 
If  a  bacterial  study  was  carried  on  in  mineral-nutrition  work,  probably 
different  deductions  would  be  drawn  then  where  each  is  considered  alone. 
In  this  connection  it  might  be  of  interest  to  state  that  Fred  and  Hart 
(3)  have  been  found  that  soluble  phosphates  have  a  more  marked  effect 
on  promoting  the  bacterial  activity  of  a  soil  than  sulphates;  and  for 
this  reason,  while  sulphates  are  important  and  as  low  in  amotmt  in 
most  soils  as  phosphates,  they  will  not  in  all  probability  have  the  same 
crop-producing  power  as  the  phosphates. 

Prom  an  examination  of  Tables  III,  it  will  be  found  that  applications 
of  sulphur  increased  the  total  and  sulphate-sulphur  content  of  the 
plant;  and  the  laiger  the  application,  the  greater  the  increase.  Ftu-- 
thennore,  it  will  also  be  observed  that  in  the  clover  and  alfalfa,  the 
sulphur  marked  "residual"  more  nearly  approaches  a  constant  figure, 
i^ardkss  of  whether  sulphur  was  applied  or  not.    This  does  not  hold 

true  with  respect  to  the  soybeans  in  most  cases,  however,  and  this  in- 
dicates that  the  excess  sulphur  in  the  clover  and  alfalfa  plants  exists  as 
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late,  while  part  of  the  excess  in  the  soybeans  is  in  a  form  other  than 
late. 

sulphtir  is  combined  with  the  protein  of  plants,  it  was  thought 
in  the  soybeans  protein  determinations  might  show  that  where 
Lcreased  sulphur  content  is  shown,  owing  to  the  sulphur  appUed, 
rrespondingly  lai^er  protein  content  might  be  found;  but  such  is 
dways  the  case,  as  will  be  seen  in  Table  V.    For  these  determina- 

the  same  materials  used  for  the  sulphur  work  in  Table  III  were 
oyed. 

Table  V. — Protein  in  air-dry  soybeans,  tops  and  seed 


Prutjcm. 

CcNUty. 

Controls. 

Sulphur,  xoo  pounds 
per  acre. 

Per  cent. 

Wdcht 
(ingnuns). 

Percent. 

\tu  gnxDS)* 

aice 

34-3 
25.  5 
23.6 

iti 

as- 1 
29.8 

25-7 

4.7 
6.8 

9-3 

T, 
V, 

9-5 

24.5 
24.9 
21.0 

26.9 
26.5 
28.5 
23.6 

ia6 

ji 

I 

^nbtirsr 

11 

7-1 

9-4 

9-3 

10.2 

irken 

on 

3011 

le  results  in  Table  IV  are  interesting  in  showing  that  some  seeds 
lin  no  sulphate  soluble  in  water;  others  contain  small  amounts; 
i  some  are  fairly  well  supplied.  Furthermore,  these  results  show 
in  most  cases  more  or  less  sulphate  is  formed  from  the  reserve  sul- 
compounds  in  the  seed  on  germinating,  but  there  are  exceptions — 
ily,  com  and  clover — and  the  latter  is  of  particular  interest,  since  it 
issed  the  highest  sulphate  content  and  seemed  to  show  a  slight  loss 
^rmination. 

SUMMARY 

)  Soybeans,  clover,  oats,  alfalfa,  and  wheat  were  grown  in  the  green- 
B  on  eight  soils,  each  taken  from  a  different  county  and  representing 
tinct  t)rpe  in  Kentucky.  They  were  more  or  less  impoverished  by 
^tion.    To  these  soils  applications  of  flowers  of  sulphur  at  the  rate 

0  and  200  potmds  per  acre,  together  with  the  calcium  carbonate  and 
:  fertilizing  ingredients,  were  added. 

1  The  results  show  that  the  sulphur  increased  the  production  of 
\  crops,  had  no  effect  on  others,  and  on  some  was  injurious,  depend- 
m  the  crop  and  the  soil  on  which  it  was  grown.  There  was  a  pre- 
erance  of  gains,  however,  from  the  sulphur  application,  but  these 
generally  small. 
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(3)  Analjrees  of  some  of  the  crops  show  that  the  sulphur  increased  the 
total  and  sulphate-sulphur  content  of  the  plant,  and  the  greater  the 
application,  the  greater  the  increase. 

(4)  Where  sulphur  wasa  pplied  to  clover  and  alfalfa,  the  excess  sulphur 
in  those  plants  was  in  the  form  of  sulphate,  while  in  soybeans  part  of  the 
excess  was  in  another  form. 

(5)  In  the  soybeans  which  showed  an  increased  sulphur  content,  no 
corresponding  increased  protein  content  was  alwa)^  found.  In  five 
instances  out  of  eight,  however,  soybeans  grown  in  soil  where  sulphur 
was  added  show  an  increase  in  the  total  weight  of  protein. 

(6)  It  was  found  that,  of  the  16  varieties  of  field  and  garden  seeds 
examined,  some  contain  sulphates,  while  others  do  not,  but  that,  on 
germinating,  all  except  two  form  a  greater  or  less  amount  of  sulphate. 
The  highest  stdphate  content  obtained  in  the  ungerminated  seed  was 
0.048  per  cent,  in  clover,  and  the  increase  due  to  germination  varied  from 
none,  in  com,  to  0.035  per  cent,  in  the  onion.  There  was  a  slight  loss 
in  only  one  sample,  clover. 
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A  STATISTIC  AX  STUDY  OF  SOME  INDIRECT  EFFECTS  OF 
CERTAIN  SELECTIONS  IN  BREEDING  INDIAN  CORN 

By  H.  L.  RiBTZ,  Professor  of  Maihemaiical  Statistics  and  Statistician,  and  L.  H.  Smith, 
Chief  in  Plant  Breeding ^  Illinois  Agricultural  Experiment  Station 

INTRODUCTION 

At  the  lUinois  Agricultural  Experiment  Station  a  considerable  num- 
ber of  experiments  are  being  conducted  in  the  breeding  of  Indian  com 
(Zea  mays)  by  the  selection  of  parents  with  respect  to  particular  charac- 
ters. One  of  the  best  known  of  these  experiments  is  concerned  with 
selections  with  regard  to  chemical  composition.  This  com  now  consists 
of  four  strains,  known  as  the  "high-protein,"  the  "low-protein,"  the 
"h^h-oil,"  and  the  "low-oil"  strains.  Other  selection  experiments  are 
amcemed  mth  such  characters  as  the  height  of  ears  on  stalks,  the  number 
of  ears  per  stalk,  and  the  inclination  of  the  ear  on  the  stalk. 

The  primary  purpose  of  these  experiments  is  to  determine  what 
progress,  if  any,  can  be  made  in  regard  to  particular  characters  by  selecting 
for  parentsf  n>m  year  to  year  with  respect  to  such  characters.  It  is  the  pur- 
pose of  the  present  paper  to  report  the  results  of  an  investigation  into  what 
may  be  called  the  indirect  effects  of  some  of  the  above-mentioned  selec- 
tioos,  by  a  statistical  investigation  of  the  changes  that  have  taken  place 
in  certain  ph3^cal  characters  of  the  ears  of  com.  The  physical  charac- 
ters treated  are  length,  circumference,  weight  of  ears,  and  the  number  of 
rows  of  kernels  on  the  ears.  A  part  of  this  work  on  physical  characters 
of  ears  has  been  in  progress  on  each  of  1 1  generations  of  com.  Each 
year  we  have  either  measured  for  each  strain  all  the  measureable  ears 
produced,  or  a  random  sample  of  sufficient  size  to  insure  fairly  small 
probable  errors.  To  give  a  notion  of  the  extent  of  the  data  used  and 
of  the  statistical  anal3^s,  it  may  be  stkted  that  this  analysis  involves 
the  preparation  of  476  distinct  frequency  distributions.  It  would 
hardly  be  feasible  to  exhibit  each  of  these  frequency  distributions,  but 
we  shall  present  in  Table  I,  as  a  representative  illustration,  the  16  dis- 
tributions of  the  four  chemical  composition  strains  for  the  crop  of  1914. 

Joonal  of  Asncaltural  Researdi.  VoL  XI.  No.  4 
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— Frequency  distributions  with  respect  to  physical  characters  of  the  ears  of  four 
strains  of  corn  bred  for  chemical  composition — crop  of  IQ14 

HIGH-PROTEIN  STRAIN 


Lh  of  ears. 

Weight  of  ears. 

Circumference  of  ears. 

Rows  of  kemeb. 

Frequency. 

Ounces. 

Frequency. 

Inches. 

Frequency. 

Number. 

Frequency. 

i 

I 
6 
8 

li 
36 
42 
67 

x?l 
100 

89 

43 

17 

3 

2 
3 
4 
5 
6 

I 

9 
10 

4 
19 

135 
144 

28 

6 

4.00 
4-25 
4.50 
4.75 
5.00 

5.25 
5.50 

6.00 
6.25 

6.50 

6.75 
7.00 

7.25 

I 

.1 

71 
142 

73 
27 

1 

5 
0 

I 

8 
10 
12 

14 
16 
18 

241 

13 

* 

j 

LOW-PROTEIN  STRAIN 


> 

2 
3 

4 

I 
I 

9 
zo 
II 
12 

13 
14 

4 
10 

17 
21 

58 
n 

97 
72 

49 

IS 
4 

I 

4.00 
4.25 
4.50 
4.75 
5.00 
5-25 
5- 50 

6.00 

6.,s 
6.  50 

6.75 
7.00 

7.25 

8 
10 
12 

14 
16 
18 
20 
22 

3 
4 
6. 
II 

17 
12 

34 
34 
66 
62 

II 

54 
34 

I 

2 

i 

I 

6 

27 

3$ 

58 

99 

54 

15 

9 

2 

II 

17 
12 

4 

> 



mOH-OIL  STRAIN 

, 

2 

2 

16 

4.00 
4.25 

2 

8 

> 

4 

3 

44 

15 

10 

) 

7 

4 

88 

4.50 

31 

12 

7 

) 

17 

5 

145 

4.75 

57 

14 

15J 

> 

:i 

6 

114 

5.00 

103 

16 

171 

> 

7 

61 

5. 25 

96 

18 

4C 

) 

71 

8 

23 

5-50 

117 

20 

^ 

> 

59 

9 

6 

S-75 

84 

22 

1 

) 

Z16 

6.00 

34 

) 

8s 

77 
34 
27 
10 

2 
z 

6.25 
6.50 

II 

4 

> 

r 

) 

f 

) 
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Tabls  1.— 'Frequency  distributions  loith  respect  to  physical  characters  of  the  ears  of  four 
strains  of  com  bred  for  chemical  composition — crop  q/*  jp J^^-Coiitinued 

LOW-OIL  STRAIN 


LoiCthoCears. 

Weight  of  ears. 

Circumf  erenoe  of  ears. 

Rows  of  kemeb. 

iBchcs. 

Frequency. 

Ounces. 

Frequency. 

Inches. 

Frequency. 

Number. 

Frequency. 

as 

3-5 
4.0 

4.5 
S-o 

2 

3 

4 

1 

9 
10 
II 
12 
13 

4.00 
4.25 
4.50 
4.75 
5.00 

5.25 
5.50 

6.00 
6.  25 
6.  50 

6.75 
7.00 

7.25 
7- 50 
7.75 

I 
0 
3 
7 

19 
20 
46 

77 
no 
117 
130 

13 
3 

I 

8 
10 
12 

14 
16 
18 

3 

3 

2 
10 

32 

62 
106 
100 
116 

60 

18 

7 

2 

4 
19 
40 

83 
126 

97 
100 

55 

23 

9 

4 

J? 

185 
30 

4 

6-5 

u 

9.0 

9-5 
lao 

The  character  of  the  frequency  distributions  may  be  described  in  a 
general  way  as  not  far  from  a  symmetrical  form.  Occasionally  a  distri- 
bution has  presented  an  appearance  that  seemed  pretty  decidedly  skew, 
and  we  have  followed  such  cases  into  succeeding  generations  without  good 
evidence  that  such  decided  skew  form  persisted  in  later  generations.  On 
this  account  it  seems  likely  that  the  decided  skew  condition  was  due 
mainly  to  soil  diflferences  on  a  given  plot.  There  is,  however,  some  tend- 
ency for  the  distributions  as  to  length  and  weight  of  ears  to  be  slightly 
skew,  with  the  mode  greater  than  the  mean. 

We  have  tested  a  number  of  the  distributions,  and  found  some  of  the 
Domial  type,  and  some  differing  significantly  from  the  normal  type. 
Taken  as  a  whole,  it  seems,  however,  that  these  distributions  are  suflB- 
dently  near  the  normal  t)rpe,  to  be  well  described  for  our  purposes  by  the 
means,  standard  deviations,  and  coefficients  of  variability. 

THE  FOUR   STRAINS  WITH   RESPECT  TO   CHEMICAL    COMPOSITION 

These  four  strains  were  produced  from  the  same  original  stock  (163 
ears)  and  each  seed  selection  was  made  from  the  highest  (or  lowest)  ears 
within  the  strain  yith  respect  to  the  character  in  question.  For  example, 
the  high-protein  strain  is  the  offspring  of  those  ears  showing  the  highest 
im)tein  content  in  the  original  stock,  and  was  developed  by  the  selection, 
{or  successive  generations  of  planting,  of  the  highest  protein  ears,  olways 
within  the  high-protein  strain.  In  a  similar  manner,  each  of  the  other 
three  strains  was  produced.    Attention  ^  has  been  called  to  some  indi- 

^  Davsmk>rt«  Bugene.    frxnofias  of  BummNO,  p.  447.   Botton,  1907. 
7768*»— 17 2 
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rect  eflfects  of  selection  as  shown  in  the  crop  of  1905,  after  selection  for 
chemical  composition  had  been  made  since  1 897.  It  was  there  shown  that 
the  four  strains  exhibit  some  significant  differences  with  respect  to  physi- 
cal characters  of  ears.  As  we  have  measured  each  ear  of  a  fair-sized 
random  sample  of  ears  from  each  strain  for  crops  grown  from  1905-1915, 
we  are  now  in  a  position  to  determine  whether  the  differences  existing  in 
1905  have  persisted  pretty  regularly  under  changed  conditions  of  soil  and 
season,  or  if  some  further  indirect  influence  of  the  selection  for  chemical 
composition  is  to  be  noted  in  considering  the  four  physical  characters  on 
which  we  have  collected  data.  Table  II  gives  the  means,  empirical 
modes,  standard  deviations,  and  coefficients  of  variability  of  the  length 
of  ears,  the  circumference  of  ears,  the  weight  of  ears,  and  the  number  of 
rows  of  kernels  on  ears,  for  each  of  the  four  strains  bred  for  chemical 
composition,  for  the  11  crops  from  1905  to  191 5,  inclusive. 

'Tablb  II. — Typ€  and  vatiabiUiv  of  the  four  chemicaUcompotiiian  strains  of  Indian  com 

for  II  crops,  igos  to  igis 

CROP  OP  1905 


Chancter  and  ttiam. 


Len^di  of  ear,  in  inches: 

High-protein 

Low-protein 

High-oil 

Low-oil 

Circumference  of  ear,  in 
inches: 

High-protein 

Low-protein 

High-oil 

Low-oil 

Weight  of  ear,  in  ounces: 

High-protein 

Low-protein 

High-oil 

Low-oil 

Rows  of  kernels  on  ears: 

High-protein 

Low-protein 

High-oil 

Low-oil 


Mom. 


7.  3i±ao4 
7.8o±  .04 
6.  87±  .04 
7. 48±  .  04 


5.  7i±  .01 

6.  5i±  .03 
6.  05±  .  01 

6.  65±  .02 

7-53±  -04 

9.  66±  .  10 

7.  79±  .  07 
g.%4±  -oS 

13.  7a±  -03 
14.71^  -06 
i5-65±  .06 
12. 8o±  .05 


ikirical 
mode. 


7.0 
&o 


5-7 

6.9 

8.0 

lao 

9.0 

11.  o 

14.0 
14.  o 
16.0 

12.  O 


Standard  devia- 
tioo. 


I.  27±a03 
I.  54±  .  03 
1. 39±  •  03 
i.30±  .03 


.44±  .01 
.6i±  .01 
.53±  '01 
.  S9±  .  01 

2.  so±  .  03 
3. 3o±  •  07 
a.43±  -OS 
2.87±  .06 

i.85±  .02 
i.94±  .04 
2.o8±  .04 
I.  77±  -04 


Coefficient  ol  ▼■»- 
ability. 


17.  6±0.  4 

19- 7±  .4 
20.  2  ±   .4 

17- 4±  -4 


7.6±  .a 
9-4±  .  a 
a8±  .a 
a9±  .3 

33- 2±  -4 
34.  2±  .7 
31.  2±  .6 

29.  2±  .7 

13.  5±  .  2 
13- 7±  -3 
13- 3±  .3 
13. 8±  .3 
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Table  II. — Type  and  varidbiUiy  of  the  four  chemical-composition  strains  of  Indian  com 
for  II  crops,,  igoj  to  igi^ — Continued 

CROP  OP  1910 


Chttrmcter  and  strain. 


Ungdi  of  ear,  in  inches: 

Hish-protein 

Low-protein 

Ifig^-oil 

Low-oil 

Ginimference  of  ear,  in 
iBches: 

Higfa-protein 

Low-protein 

Higfa-oil 

Low-oil 

Wdght  of  ear,  in  ounces: 

Higfa-protein 

Low-pcotein 

Hi^-oil 

Low-oil 

Rows  of  kernels  on  cars: 

High-protein 

Low-protein 

Hi^-oil 

Low-oil 


Mean. 


7.771^0.039 
8.476±  .051 
7.315^  .030 
8.  094±  .034 


6.  034±  .012 

6.  730±  .  016 

6.  104 ±  .  014 

6.  859:^  .  014 

8.  4i5±  .071 
10.  036±  .  090 

7.  6oo±  .  061 
10.  986±  .  090 

13- 345  ±  -039 
14.  ii4±  .  059 
14-  75o±  .  060 
13.  28o±  .047 


inrical 
mode. 


8.0 
8.5 
7.5 
9.0 

6.0 

6.0 
7.0 

9.0 
II.  o 

7.0 

13- o 

14.0 
14.  o 
14.  o 

13.  O 


Standard  devia- 

tion. 

I.  58i±o 

.  027 

I.  678± 

.036 

I.  019  ± 

.  021 

i.233± 

.024 

.469± 

.009 

.546± 

.  012 

'AA2± 

.011 

•  Sioi 

.010 

2.835± 

.051 

3.46o± 

.090 

i.96o± 

•043 

3.o6o± 

.064 

I.  546± 

.028 

i-995± 

.042 

1. 936± 

.042 

i.672± 

•033 

Coefficient  of  vari- 
ability. 


20.34rfco.37 
19.  8o±  .44 

i3-93±  -30 
I5.23±  .31 


7.77±  .15 
8.  i2±  .17 

7.  24±  .  15 

7.43±  -15 

33-69±  .67 
34.48±i.  00 
25.82±  .61 
27. 85±  .62 

II.  58±  .  21 
14.13^  -30 
13.  i3±  -29 
i4«82±  .30 


CROP  OP  191 1 


UorA  of  ear,  in  inches: 

Hif^-protein 

Low-protein 

ffigh-oii 

Low-oil 

Qrciunference  of  ear,  in 
indies: 

ffi|^-protein 

Low-|Mt)tcin 

Hi^^oil 

Low-oil 

Wdriit  of  ear,  in  ounces: 

Higfa-pfotein 

Low-protein 

High-oil 

Low-oil 

^''•sof  kernels  on  ears: 

Higfa-protein 

Low-protein 

ffigfaHjil 

Low-oil 


6.302±o 

.038 

6.5 

7.888± 

•045 

8.5 

6.744± 

•034 

6.5 

6.486± 

•039 

70 

5.356± 

.014 

5.5 

6.o26± 

.014 

6.0 

5.  769± 

.014 

6.0 

6.  094d: 

.014 

6.5 

4.98o± 

.056 

5-0 

8.402± 

.071 

10.  0 

6.  209  ± 

.050 

6.0 

6.323± 

.070 

6.0 

12.  920± 

.  046 

12.0 

13.  700± 

.052 

14.0 

15. 35o± 

.060 

14.  0 

12.  72I± 

.060 

12.0 

1. 402  ±0.027 
I.  4ii±  .032 
I.  2i6±  .  024 
I.  376±  .027 


.  5io±  .  010 
.  502 ±  .  010 
.  504±  .  010 
.Si5±  .010 

1.  854±  .040 

2.  336±  .051 

1.  672±  .036 

2.  o38±  .050 

I.  54i±  .033 
I.  744±  .037 
I.  980  ±  .  042 
I.  693±  .043 


22.  25 ±0.  45 
i7.89±  .42 
i8.03±  .37 
21.  2i±  .43 


9.  52±  .  19 
8.  g6±  .  19 
8.  74ib  .  18 
8.45±  .18 

37-a4±  .91 
27.  8o±  .65 
26.931b  .63 
32.23±  .85 

11.  93±  .26 
10.  o8±  .  22 

12.  89d:  .28 
i3.3i±  'ZZ 
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ILB  II. — Type  and  vanabilify  of  the  four  chemical-camfosiHon  strains  of  Indian  cor 
for  II  crops,  igos  to  1^/5— Contmued 

CROP  OF  1908 


Character  and  strain. 

Mean. 

Bm- 
pirical 
mode. 

Standard  deria- 
tion. 

Coefficient  of  vai 
ahiltty. 

leth  of  ear,  in  inches: 
tligh-protein 

7.625^0.035 
8.496±  .040 
7.334±  .027 
8.i94±  .041 

5.452±  .014 
6.338±  .015 
5.  774±  .012 
6.336±  .016 

6.30i±  .058 

9.783^  .077 
7.  566±  .  046 
9.944±  .089 

13.  276±  .052 
13.984^  .050 
15- 010  ±  .056 
12.  326±  .050 

7-5 
9.0 

1:1 
1:1 

6.0 
6.5 

6.0 
lao 

8.0 
II.  0 

14.0 
14.0 
14.0 
14.0 

I.  i95±o.  025 

i.363±  .028 

.983^:  -019 

1. 407±  -029 

.46o±  .010 
.490±  .011 
.438±  .009 
.548±  .012 

i.8o4±  .041 
2.288±  .054 
I.  6i6±  .033 
2.935±  .063 

I.  63i±  .037 
i.6o6±  .035 
i.97o±  .040 
i.59i±  -035 

i5-67±a 
16, 04^  . 

I/>w-protein 

High-oil 

13. 40±  . 

17.  I7±  . 

8-44±  . 
7.  76±  . 

in: 

28.63±  . 
23. 39±  • 
2i.36±  . 
29.  52  ±  . 

12.  27±  . 

11.  5i±  • 

13.  12 ±  . 

12.  90±  . 

I/>w-oil 

mmference  of  ear,    in 
iches: 
High-protein 

Low-protein 

High-oil 

X<ow-oil 

Ight  of  ear,  in  ounces: 
Hififh-Diotein 

Low-protein 

High-oil 

Low-oil 

¥s  of  kernels  on  ears: 
Hifh-orotein 

Low-protein 

High-oil 

Low-oil 

CROP  OP   1909 


Lgth  of  ear,  in  inches: 

High-protein 

Low-protein 

High-oil 

Low-oil 

mmference  of  ear,  in 
iches: 

High-protein 

Low-protein 

High-oil 

Low-oil 

ight  of  ear,  in  ounces: 

High-protein 

Low-protein 

High-oil 

Low-oil 

ws  of  kernels  on  ears: 

High-protein 

Low-protein 

High-oil 

Low-oil 


7. 68o±a  035 
7.672±  .034 
7. 050±  .031 
7.748±  .028 

1:1 
11 

5.693± 
5.967^ 
5.  9i4± 
6.66o± 

.013 
.015 
.013 
.013 

5.75 
5.75 
6.00 
6.50 

6.982± 
7-oo5± 
6.837± 
9.244± 

.054 
.068 
.052 
.059 

7.0 
7.0 
70 
9.0 

13. 020± 

13.  789± 

14.  770± 
i2.8o6± 

.050 
.048 

.051 
.042 

12.0 
14.0 
14.0 
12.0 

1. 127  ±a  025 
I.  221  ±  .024 
1. 140 i:  .  022 
1. 123  ±  .  020 


.424±  .009 
.  56o±  .0X1 
.489^  -009 
.Si7±  -009 

i.694±  .039 
9-407±  .048 
i.88o±  .037 
2.  275±  .042 

I.  554±  .  035 
I.  57i±  '034 
I.  758±  .  036 
i.593±  -030 


I4.67±a, 

i5-9i±  •; 
16.  i7±  .: 

I4.49±  •' 


7-4S±  .: 
Q.38±  .: 
8.a7±  .: 

7.  76±  -^ 
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Tablb  Ih—TyPi  and  variability  of  the  four  chemical-composition  strains  of  Indian  com 
for  II  crops  y  igoj  to  igis — Continued 

CROP  OF  19 10 


Chincterand  strain. 


learA  of  car,  in  inches: 

ffi^fa-prDtein 

Low-protein 

Higfa-oil 

Low-oil 

Ciamfcrencc  of  car,  in 
aches: 

ffigh-protein 

Low-protein 

ffigh-oU 

Low-oil 

VdAt  of  ear,  in  ounces: 

m^-protein 

Low-protein 

Hi^-oU 

Low-oil 

^  of  kernels  on  eais: 

ffigh-protein 

Low-protein 

ffigh-oU 

Low-oil 


Mean. 


7.  771  ±0- 039 

8.  476±  .051 
7-3i5±  -030 
8.  094±  .034 


6.  034±  .012 

6.  730  ±  .  016 

6.  104:^  .  014 

6.  859±  .014 

8.4i5±  .071 

la  036±  .  090 

7.  6oo±  .  061 
la  986J:  .  090 

i3-345i  -039 

14.  ii4±  .059 

14.  750±  .  060 

i3-28o±  .047 


Em- 
pirical 
mode. 


8.0 
8.5 

7-5 
9.0 


6.0 

6.5 
6.0 
7.0 

9.0 

II.  o 

7.0 
13- o 

14.0 
14.  o 
14.0 

13.  O 


Standard  devia- 
tion. 


I.  58i±a  027 
i.678±  .036 
I.  oi9±  .  021 
I.  233±  .024 


.469±  .009 
.  546 ±  .  012 
.442±  .011 
.  5io±  .  010 

2.835±  .051 
3.  46o±  .090 
i.96o±  .043 
3.  o6o±  .064 

I.  546  ±  .  028 
i.995±  -042 
I.  936±  .042 
i.672±  .033 


Coefficient  of  vari- 
ability. 


2a  34±0.  37 
19.  8o±  .44 
i3-93± 
i5-23± 


30 
31 


7-77±  .15 
8.  i2±  .  17 

7.  24±  .  15 
7-43i  -IS 

33- ^±  67 
34.48i1.00 
25.  82±  .61 
a7.85±  .6a 

ii.58db  .21 
14.  i3±  .30 
13.  i3±  -29 
I4.8a±  .30 


CROP  OP  I9II 


Lo^  of  ear,  in  inches: 

Hi^-protein 

Low-protein 

High-oil 

Low-oil 

^JTCBinfcraice  of  ear,  in 
inches: 

Higfa-protein 

Low-protein 

%1-oil 

Low-oil 

^^  of  ear,  in  ounces: 

ffigfa-protein 

I^-protein 

Hi|Ji-oU. 

I/w-oil 

'"■'of  kernels  on  ears: 

High-protein 

I^-protein 

High-oil 

Low-oil 


6.  302  ±  a  038 

6.5 

7.888± 

.045 

8.,S 

6.744± 

•034 

6.5 

6.486± 

•039 

70 

5-356± 

.014 

5-5 

6.026± 

.014 

6.0 

5-769± 

.014 

6.0 

6.094± 

.014 

6.5 

4.98o± 

.056 

5.0 

8.402± 

.071 

la  0 

6.  209  ± 

.050 

6.0 

6.323^ 

.  070 

6.0 

12. 920± 

.046 

12.0 

13.  7oo± 

.052 

14.0 

15-  350± 

.060 

14.0 

12.  721  ± 

.060 

12.0 

I.  402±a  027 
I.  4"±  .032 
I.  2i6±  .  034 
i.376±  .027 


.  5io±  .  010 
.  502i  .  010 
.  504±  .  010 
.5i5±  .010 

1.  854±  .040 

2.  336±  .051 

1.  672±  .036 

2.  038±  .050 

I.  54i±  .033 
I.  744±  •  037 
I.  98o±  .  042 
i.693±  -043 


aa.  a5±a45 
i7-89±  .4a 
i8.03±  .37 
ai.  2i±  .43 


9-52±  19 
8.96±  .  19 
8.  74±  .  18 
8.45±  -18 

37-  24db  .  91 
27.  8o±  .  6$ 
26.93i  .63 
3a.a3±  .85 

11.  93db  .26 
10.  o8d:  .  22 

12.  89^:  .28 

^y:i^±  -33 
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for  II  crops,  igos  to  jpj5— Continued 


CROP  OF  191a 


andstnun. 

Mean. 

Bm. 
inrical 
mode 

Standard  deria- 
don. 

Ooeffifcient  of  TV 
abmty. 

,  in  inches: 
bein 

7.99adbaoa8 
8-  5S0±  •  038 
7.  aioi  .031 
7-7S2±  .03a 

5.85o±  .014 

6.443±  -014 
6.  o66±  .  on 
6. 6i9±  .03a 

aoia±.oS9 
ia96a±  .071 

7. 85a  ±.049 
la  369±  .  073 

la.  866±  .05a 

13.  794±  .  059 

14.  70o±  .  045 
ia.448±  .053 

8-S 

11 
"•3 

6.0 
6.50 
6.  as 
6.75 

lao 
la.  0 
9.0 
lao 

la.  0 
14.0 
14.0 
la.  0 

1. 356±a  oa8 
I.  490±  .oa7 

1.  23a±  .oaa 
I.  i8o±.  023 

.475±  .010 
.S49±  -OIO 
.459±  -ooS 
.57S±  -o" 

i.98s±  .042 
a.640±  .051 
i.94i±  .035 

2.  56i±  .052 

i.74S±  -037 
i.8oii:  .042 
i.788±  .03a 
i.8i7±  .038 

i6.97±ai 

I7.43±  'I 
I7.09±  .1 
I5.22±  .1 

8.  12±  .1 

tin 

t   of   ear,    in 
bein 

tin 

8.sa±  . 

7.  57±  • 
8.66±  . 

» in  ounces: 
bein      .  . 

24.77±  •, 
24.o8±  .i 

24.72±  -^ 
24.  lo±  . 

13.  56±  . 
I305±  . 
la.  10  ±  . 

un 

ds  on  ears: 

tin 

i4.6o±  . 

CROP  OV  I913 


,  in  inches: 

tein 

dn 

t  of    ear,   in 

bein 

ein 

'» in  ounces: 

tein 

ein 

els  on  ears: 

tein 

ein 


7. 438±o.  03s 

&o 

8.osi± 
6.582± 

.041 

«.5 

.033 

6^5 

7.026± 

•033 

7.5 

5-  593  ± 

.019 

1:1 

5. 956± 

.017 

6.38o± 

.014 

5-5 

.016 

6.5 

6.  7S4± 

•051 

6.0 

&2ai± 

.060 

9.0 

5.6o4± 

.043 

6.0 

7.49a± 

.057 

8.0 

i3.oo8± 

.05a 

za.  0 

i4.26o± 

.060 

14.0 

14.  5" ± 

.057 

14.0 

13.  oio± 

•053 

la.  0 

I.  ai4i:aoas 
i.397±  .oa9 
1. 178±  .  oa3 
I.  a63±  .oa3 


.  S«9±  .  013 

.  S7^±  •  oia 

.493±  -OIO 

.6o4±  .on 

I.  7o8±  .036 

I.  890±  .04a 

i.437±  -030 

a.  oood:  .  040 

I.  78a±  .037 

I.  9i4±  .04a 

I.  863  ±  .  040 

i.842±  .038 
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Tablb  II. — Type  and  variability  of  the  four  chemical-composition  strains  of  Indian  corn 
for  II  crops,  igos  to  jpj5— Contiiiued. 

CROP  ov  Z914 


Chaiacter  and  stndn. 


piricml 


Standard  dcvU- 


Coeffictent  of  yari- 
ability. 


Lotftib  of  ear,  in  inches: 

Hi^-pfotein 

Low-piotetn 

Hi^-oil 

Low«oil 

Qwimference  of  ear,  in 
iidies: 

Higfa-pfotem 

Low-protein 

High-Ml 

Low-oil 

fdf^tol  ear.  In  ounces: 

Low-pcotein 

ffi|^<nl 

Low-oil 

Soviof  kernels  on  ears: 

ffifh-pcotein 

LoW'^pcotem 

ffig)i-oil 

Low-oil 


7. 245  ±0.033 
ao37±  .041 

6.423±     035 
6.985±  .032 


5.287^  .012 

5. 918  J:  .014 

5.282±  .013 

6.  z62±  .015 

6.3o6±  .044 
&284±  .068 

5.207±  •<H3 
7.7ix±  .054 

i3.3^i  -046 
I4.402±  .063 
14.489^  .061 
I3.684±  -044 


75 


tl 

6.0 
9.0 

7.0 


14.0 
14.0 

x6.  o 
12.0 


I.  279i:a  024 
i.3^±  -029 
i.248±  .025 

I.  200±    .  022 


.44i±  .008 
.474±  .010 
.466±  .009 
.544±  .010 

i.499±  -031 
2.  I70±  .  048 

I.4i7±  -030 
i.863±     038 

i.668±  .033 
a.  048  J:  .045 
x-936±  .043 
I.  55a±  .031 


i7-6s±a33 
i7.02±  .37 
i9-43±  .40 
17.  «±  .33 


8.34±  .17 
8.oidb  .  17 
8.82i:  .18 
8.83±  .17 

23. 44±  .  SI 
26.  X9±  .  6a 
a7.2i±  .63 
34.  i6d:  .  5a 

12. 48  J:  .35 
X4-23iB  .39 
13.00^:  .39 

13.  34i:   .3$ 


CROP  OP  191 5 


Lea^of  ear,  in  inches: 

EBg^-pcotein 

Low-pcotein 

ffi|^-<»l 

low-ofl 

GfCQiiifefcnoe  of  ear,  in 
bdies: 

fiO^-pfotein 

Low-pcotein 

Hi|Ma 

Low-oil 

Wci^of  ear,  in  ounces: 

Ui(^-pfotein 

Low-pfotein 

Ki|^K)ll 

Low-oil 

^oC  kernels  on  ears: 

Bi^-pio(ein 

Low-piotein 

mi^-oil 

low-<nl 


7*  Z76d:a  039 
7.859±  -034 
7358^  oa* 
7.iQ3±  .035 


S.674±  .010 
Ou  125  ±  .016 
5.781^  .013 
6.4S5±    017 

2.076±  .044 
8.685±  .071 

l'3^^±  -049 
8.073±  .072 

13'9S6±  .041 
15.038^  .053 
i5.36o±  .047 
I4.034±  .053 


u 

&0 

&o 

0,  $0 

0.50 

70 

lao 

70 
xao 

X4.0 
16.0 
16.0 

14.0 

X.  x73±ao2x 
x.33xd:  .034 
1. 07x±  .020 
i.X48±  .025 


.4X3±  .007 

S±  .011 
±  .009 
.593±  .012 

i.669±  -031 
a-395±  050 
x.8ox±  .035 
3.394i:  .05X 

x.jS88d:  .039 
x.896±  .037 
3. 363i:  .047 
x.7X3±  .037 


x6.35d:a39 
IS.66±  .3X 
X4.56i:  .38 
x6.  x6±  .  35 


7.  36±  .  X3 

9-  5a±  •  19 

8.  xo±  .  16 

9.  X7±  .  X9 

a3-59±  .47 
37.58^  .63 

a4-47±  -50 
2S.^±  .68 

ix.35±  .3X 
X2. 6xi:  .25 
14.73^  -31 

X2.  20±    .  37 
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MEAN  LENGTH  OP  EARS 

In  the  first  year  (1905)  we  find  thkt  the  means  in  length  for  any  two 
:  the  strains  are  significantly  different.  The  smallest  difference  that 
dsts  is  0.27  ±0.056.  We  thus  note  that  the  smallest  difference  is 
x>ut  five  times  the  probable  error.  The  average  difference  in  the 
Leans  is  about  nine  times  the  probable  error  of  any  difference  between 
vo  means. 

Having  thus  fotmd  in  the  1905  crop  significant  differences  when  the 
ifferences  are  judged  by  probable  errors,  we  very  naturally  inquire 
Dw  persistently  these  differences  are  maintained  and  to  what  extent 
ley  are  accentuated  imder  continued  selection  for  chemical  composi- 
on.  In  these  considerations  we  must  not  lose  sight  of  the  differences 
I  soil  conditions,  such  as  we  have  on  Experiment  Station  plots,  and 


790^   /906    /S07    /soa     /ao9    /s/o     /9//       /^/^     /9/S     /9^     A9/^ 

G.  X.— Graphs  shofwins  the  mean  length  of  the  ears  in  the  four  Illinois  strains  of  Indian  com  for  ix  ciop8» 

1905-1915- 

ifferences  in  seasonal  conditions — that  is  to  say,  it  should  be  kept  in 
lind  in  considering  these  results  that  the  various  strains  have  occupied 
ifferent  plots  of  ground  in  different  years  and  that  there  has  been  no 
)ecial  attempt  to  maintain  uniform  or  comparable  soil  conditions 
nong  these  breeding  plots. 

In  figure  i  is  shown  graphically  the  mean  values  of  length  of  ears  in 
le  four  strains.  .  It  may  be  noted  from  these  graphs  that  the  order  of 
lagnitude  of  1905  was  maintained  with  slight  exception  till  191 1.  The 
sar  191 1  was  an  abnormal  one  characterized  by  lack  of  moisture  at 
le  time  when  the  com  was  much  in  need  of  moisture.  The  high- 
rotein  and  the  low-oil  strains  changed  positions  in  191 2,  and  these 
vo  strains  have  maintained  the  new  order  through  1915.  In  1915  the 
igh-oil  surpassed  the  high-protein  and  the  low-oil  strain,  but  it  is  not 
tilikely  that  this  is  only  a  seasonal  fluctuation.     While  there  have  been 
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marked  seasonal  fluctuations  in  the  mean  length  of  ears  for  each  of 
these  strains,  there  is  no  marked  regular  change  in  the  length  of  the  ear 
for  any  strain.  From  the  graphs  in  figure  i  there  is,  however,  at  least 
some  evidence  that,  on  the  whole,  the  mean  length  of  ears  has  been 
smaller  diuing  the  second  half  of  the  period  1905-1915,  than  during  the 
fiist  half  of  the  period.  But  it  seems  in  explanation  of  this,  that  in  the 
second  half  of  the  period  there  were  at  least  three  years  in  which  the 
length  of  ears  showed  decidedly  the  effects  of  abnormal  seasons. 

There  has  been  one  progressive  change  worth  noting,  in  that  the  mean 
fcngths  of  ears  for  the  high-protein  strain  for  the  past  four  years  main- 
Uined  a  position  above  the  low-oil  strain.  The  differences  between  the 
mean  lengths  of  ears  in  the  latter  half  of  the  period  1905-1915  are 
slightly  larger,  but  hardly  significantly  larger  than  those  that  existed 
in  the  earlier  part  of  the  period. 

Since  the  probability  that  a  given  order  of  four  elements  in  a  trial 
tmder  pure  chance  is  i  to  24,  we  note  that  there  is  a  decided  tendency 
to  maintain  order  in  mean  length  of  ears,  although  there  are  a  few 
exceptions. 

MEAN  CIRCUBiPERENCE  OP  EARS 

In  the  fiirst  year  (1905)  we  find  significant  differences  in  the  means 
except  possibly  for  the  case  of  the  low-protein  and  the  low-oil  strains. 
For  this  pair  we  find  a  difference  of  o.i4±o.03.  While,  under  random 
sampling,  we  should  probably  ascribe  at  least  some  slight  significance 
to  such  a  difference,  it  is  doubtful  whether  the  difference  is  large  enough 
to  persist  regularly  under  differences  of  seasons  and  soil.  But,  based 
on  II  years'  experience,  we  find  that  the  low-protein  strain  has  always 
shown  a  smaller  mean  drciunference  than  the  low-oil  strain,  except  in 
the  one  year  (1908)  when  the  two  were  substantially  equal. 

We  note  from  figure  2  the  regularity  with  which  the  order  of  1905 
lias  been  maintained.  The  order  for  circimiference  of  ears  has  been  at 
least  as  well  maintained  as  that  for  the  length  of  ears,  and  perhaps  a 
Httk  more  persistently.  Figure  2  shows  that  the  mean  circumference 
(rf  the  high-oil  strain  was  lower  than  that  of  the  high-protein  strain  in 
the  year  191 3  only. 

As  to  progressive  changes,  it  is  true,  on  the  whole,  that  each  of  these 
strains  shows  a  smaller  mean  circumference  in  the  second  half  of  the 
peiiod  1905-1915  than  in  the  first  half,  but  it  is  not  unlikely  that  this  is 
<be  to  seasonal  fluctuations.  What  is  more  important  for  our  purposes 
is  to  note  that  the  mean  differences  between  mean  values  are  no  more  pro- 
nounced during  the  second  half  than  during  the  first  half  of  the  period. 
That  is  to  say,  the  differences  existing  in  1905  have  well  been  maintained, 
conadering  the  changes  of  soils  and  seasons,  but  they  have  not  been  de- 
odedly  incieaeds  since  1905  by  the  selections  for  chemical  composition. 
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MEAN   WEIGHT  OP  EARS 

In  1905  there  appeared  to  be  no  significant  difference  in  weight  of  ears 
between  the  high-protein  and  the  high-oil  strains,  and  no  significant  differ- 
ence between  the  low-protein  and  the  low-oil.  The  high-protein  and  the 
high-oil  were  significantly  different  in  weight  of  ears  from  the  low-protein 
and  the  low-oil.  These  two  classes  seem  to  persist  well  mider  differences 
of  season  and  soil,  as  shown  by  the  graphs  of  figure  3. 

In  regard  to  progressive  changes  in  weight,  there  is  no  doubt  that,  on 
the  whole,  the  mean  weight  of  the  ears  for  each  strain  have  been  less 


/  • 


/SO^  /9O0    /S^     /909    /909   /So 


Pio.  9.— Gnpht  ihofriiig  the  1 


/Sf/      iSf^t      /9AS      A9/4     /mM- 
akamdatact  of  Uic  cut  in  Uic  four  Uttaoit  itndni  of  Indkn  com  for 

II  crops,  I90S-I9I5' 

during  the  second  half  of  the  period  1 905-1 91 5  than  during  the  first  half 
of  the  period;  that  this  is,  however,  merely  in  response  to  abnormal  sea- 
sons is  shown  by  the  fact  that  the  ears  are  particulariy  light  for  the  crops 
of  191 1,  1913,  and  1914.  It  is  important  to  note  that  the  selection  for 
chemical  composition  has  probably  neither  increased  nor  decreased  sig- 
nificantly the  differences  in  the  mean  weight  of  ears  during  the  period 
1905-1915. 

MEAN   NUMBER   OF   ROWS   OF   KERNELS   ON   EARS 

In  the  year  1905  there  was  a  significant  difference  in  the  number  of 
rows  of  kernels  on  ears.   Figure  4  shows  that  the  same  order  of  magnitude 
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cemels  has  been  invariably  maintained  throughout 
years  191 3  and  191 5,  when  the  low-oil  changed 


^Qff,    /SOS    yS/Q      /$//      /S/2     /Si9     /9I/4     /SiS 
laa  weight  d  the  eus  in  the  four  niiaob  itndni  of  Indian  com  for  XI 
X90S-Z9X5* 
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Ben  number  of  rofwi  of  kernels  in  the  four  Illinoii  ftnins  of  Indian  com 
for  XX  crops,  x9os-x9Xs. 

protein  strain.    The  differences,  however,  are  in- 
ais.    As  the  character  (rows  of  kernels)  is  deter- 
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mined  by  inherent  tendencies  and  is  less  susceptible  to  external  or  en- 
vironmental influences  than  the  other  characters  considered,  we  should 
expect  smaller  seasonal  fluctuations  than  in  the  case  of  the  other  char- 
acters. 

As  to  progressive  changes,  we  may  note  that  while  the  low-oil  strain 
seemed  to  tend  toward  a  1 2-row  type  for  some  years,  it  appears  that  in  the 
1910,  1913,  and  1915  crops  14  rows  of  kernels  are  the  modal  value.  That 
is  to  say,  there  is  no  longer  good  evidence  that  the  low-oil  strain  is  ap- 
proaching a  condition  where  the  ears  have  12  rows  of  kernels  as  a  modal 
value.  The  differences  existing  in  1905  have  been  well  maintained,  ex- 
cept in  the  case  of  the  high-protein  and  low-oil  strains  and  we  have  indi- 
cated above  that  these  two  strains  did  not  differ  significantly  in  several 
recent  crops.  It  is  fair  to  say  in  a  general  way  that  the  differences  in  the 
mean  number  of  rows  of  kernels  existing  in  1905  have  not  been  signi- 
ficantly accentuated  by  the  selection  for  chemical  composition  from  1905 
to  191 5,  although  the  mean  of  the  differences  is  slightly  greater  in  the 
latter  half  of  the  period. 

GENERAI,  STATEMENT  ABOUT  DISTINCT  TYPES 

Taken  as  a  whole,  it  is  found  that  distinct  types,  as  shown  by  the  mean 
length  of  ears,  the  circumference  of  ears,  the  weight  of  ears,  and  the 
number  of  rows  of  kernels,  are  so  well  established  that  in  most  cases  we 
may  assign  an  order  of  magnitude  that  persists  well  in  such  changes  of 
environment  as  have  been  experienced  in  the  1 1  years  of  planting  from 
1905  to  1 91 5.  While  certain  progressive  changes  have  been  noted  above, 
the  selections  for  chemical  composition  from  1905  to  191 5  have  not  in- 
creased the  difference  in  the  mean  values  to  such  an  extent  that  we  are 
able  to  assert  that  the  strains  differ  more  with  respect  to  these  characters 
during  the  second  half  of  the  period  than  during  the  first  half,  although 
they  certainly  do  not  as  a  whole  differ  less  during  the  second  half  than 
during  the  first  half.  In  fact,  as  stated  above,  the  differences  of  the  mean 
length  of  ears  and  the  number  of  rows  of  kernels  are  larger,  by  an  in- 
significant amount,  during  the  second  half  than  during  the  first  half  of  the 
period. 

STANDARD  DEVIATIONS 

In  general,  the  differences  in  standard  deviations  for  the  different 
strains  compared  to  the  corresponding  probable  errors  are  much  smaller 
than  the  differences  in  the  mean  values  for  the  different  strains  compared 
to  their  probable  errors. 

Many  of  the  differences  in  standard  deviations  do  not  persist  well  from 
year  to  year  under  differences  of  soils  and  seasons.  Perhaps  we  may 
properly  infer  from  figure  5,  that,  on  the  whole,  of  the  four  strains  the 
low-protein  strain  has  the  largest  standard  deviation  in  length  of  ears, 
and  the  high-oil  strain  has  the  smallest  standard  deviation;  but  there  are 
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/aos /9oe   /907  /soff  /so»  /a/o    ^9/y    /s/2'  /s/^   /9^    /s/s 

Fb.  5.— Graphs  showing  the  standatd  deviation  of  the  length  of  the  ears  in  the  four  Illinois  strains  of 
Indian  com  for  xz  cr(^>s»  X905'Z9X5. 


fSOS  /t90e      /907    /90a     /S09     ^?0     79^     ^972      TS/S      /9A^      /3/S 

'^  ft.—Ocapht  showing  the  standard  deviation  of  the  drcumference  of  the  ears  in  the  four  Ulinob  strains 
of  Indian  com  for  zz  crops.  Z905-Z9Z5. 
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igaits  I  to  4  and  as  the  standard  deviations  have  the  smaller  probable 
enors,  we  very  naturally  inquire  for  a  plausible  explanation  of  these 
results,  ^lall  we  conclude  that  the  mean  value  is  more  stable  and  char- 
acterizes the  strain  better  than  the  standard  deviation  does  ?  To  be  sure, 
we  often  give  a  mean  value  to  characterize  a  t}^;  but  in  accord  with 
what  is  stated  above  about  these  four  strains  of  com,  the  ratio  of  their 
diffeieiioes  of  means  to  the  probable  errors  of  such  differences  are  in 
general  much  greater  than  the  ratio  of  the  differences  of  their  standard 
deviaticHis  to  corresponding  probable  errors.  In  more  definite  form  it  is 
ioond  that  the  ratio  of  the  average  difference  of  means  in  a  crop  to  the 
traage  of  the  corresponding  probable  errors  varies  from  12  in  the  case 
of  length  of  ears  to  23  in  the  case  of  circumference  of  ears.  On  the  other 
land,  the  ratio  of  average  differences  in  standard  deviations  in  a  crop  to 
lint  average  of  the  corresponding  probable  errors  varies  from  3.5  in  the 
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he L-Onphs  ahoiring  the  standard  deviation  of  thcrows  of  kemeto  on  the  ears  in  thefour  Illinois  strains 
of  Indian  com  for  xx  crops,  X90S-X915. 

case  of  rows  of  kernels  to  7  in  the  case  of  weight  of  ears.  Incidentally, 
in  the  latter  case,  we  find  that  the  standard  deviation  is  strikingly  higher 
far  the  k>w-protein  and  the  low-oil  than  for  the  high-protein  and  the 
bigh-oil  strains,  and  that  this  difference  persists  without  exception  for  the 
II  crops.  We  should  recognize,  therefore,  that  the  standard  deviations 
of  the  four  strains  for  a  given  year  differ  much  less  when  compared  with 
their  probable  errors  than  do  the  corresponding  means.  Hence,  we 
should  expect  much  less  tendency  to  maintain  an  order  of  values  of 
standard  deviations  than  of  means.  If,  on  the  other  hand,  the  mean 
values  were  ck)se  together,  and  the  standard  deviations  were  significantly 
different,  we  could  characterize  strains  better  by  standard  deviations 
than  by  means. 
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Stated  in  another  form,  the  differences  of  standard  deviations  of  the 
four  strains  when  taken  as  a  whole  are  not  large  enough  to  separate  the 
strains  nearly  so  well  as  the  differences  of  means  separate  them,  although 
the  standard  deviations  separate  the  strains  well  with  r^^d  to  some  of 
the  fotu:  characters.  For  example,  we  distinguish  the  high-protein  and 
the  high-oil  strains  very  effectively  from  the  low-protein  and  the  low-oil 
strains  by  differences  of  standard  deviations  in  weight  of  ears.  The 
fact  that  differences  in  standard  deviations  do  not  enable  us  to  distin- 
guish the  strains  so  well  as  the  differences  of  means  does  not  mean  that 
the  standard  deviations  are  less  stable  from  season  to  season  for  a  given 
strain  than  are  the  means.  In  fact,  taken  as  a  whole,  the  standard 
deviations  are  considerably  less  variable  from  season  to  season  than  the 
corresponding  means.  This  is  in  accord  with  the  fact  that  the  probable 
errors  of  standard  deviations  are  only  about  0.7  those  of  corresponding 
means.  We  are  justified  in  putting  the  above  statement  a  little  stronger 
by  saying  that  the  ratio  of  fluctuations  of  standard  deviations  actually 
experienced  to  the  probable  errors  of  standard  deviations  are  less  for  these 
four  strains  than  the  corresponding  ratios  of  fluctuations  of  means  to  the 
probable  errors  in  the  means. 

COEFFICIENTS  OF  VARIABILITY 

The  coeflBdents  of  variability  do  not  in  any  marked  way  maintain  a 
definite  order  of  values  from  year  to  year.  We  prepared  graphic  repre- 
sentations of  the  coefficients,  but  hesitate  to  take  the  space  for  their 
publication,  since  the  conclusions  drawn  consist  largely  in  the  statement 
of  the  existence  of  insignificant  differences  that  may  be  obtained  by 
inspection  of  the  tables.  For  length  of  ears  these  graphs  gave  a  fair 
illustration  of  as  many  crossings  as  we  should  expect  under  pure  chance. 
On  the  other  hand,  in  circumference  of  ears  the  low-protein  and  low-oil 
strains  have  in  general  somewhat  higher  coefficients  of  variability  than 
the  high-oil  strain. 

When  we  compare  differences  of  coefficients  of  variability  with  their 
probable  errors,  the  differences  in  a  fair  number  of  cases  are  significant 
when  judged  by  the  usual  requirements  in  regard  to  random  sampling. 
But  these  differences  are  generally  insufficient  to  withstand  changes  of 
season  and  soil.  Further,  we  find  that  the  ratio  of  the  average  of  the 
differences  of  coefficients  of  variability  in  a  season  to  the  average  of  the 
probable  errors  in  such  differences  varies  from  2.7  in  the  case  of  rows  of 
kernels  to  3.8  in  the  case  of  weight  of  ears.  The  corresponding  ratios  of 
12  and  23  given  above  for  means  show  a  striking  contrast.  This  accounts 
for  the  maintenance  of  a  pretty  regular  order  for  mean  values,  while  no 
considerable  degree  of  regularity  is  maintained  among  coefficients  of 
variability.  It  seems  that  to  maintain  any  considerable  regularity  from 
one  season  to  another  the  differences  must  be  larger,  compared  to  prob- 
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able  errors,  than  those  which  exist  in  the  case  of  these  coefficients  of 
variability. 


jmo  /9//  /9fB  JmS  /S^  XiKT  X»V 

to.  iOb— Onpb*  tbowinc  the  maa  drcmofcrence  of  the  cars  ia  the  two-ear  stnhis  of  Indian  com.  1909- 

X916. 

TWO-BAR  STRAINS 

Table  III  gives  the  means,  standard  deviations,  coefficients  of  vari- 
aUUty,  and  corresponding  probable  errors,  for  length  of  ears,  circum- 
ference of  ears,  weight  of  ears,  and  number  of  rows  of  kernels  on  ears 
for  the  two-ear  strains. 
7768^—17 3 
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COMPARISON  OF  UPPER  AND    LOWER  EARS  ON  THE  UPPER-   AND  LOWER- 
EAR  PLOTS 

The  "upper-ear  plots"  were  started  by  selecting  seed  from  upper  ears 
for  the  purpose  primarily  of  determining  the  ratio  of  the  number  of 


X0tO         /6i^/:  /mP-  XflKT         /CSMT  ^<9k^ 

Flo.  xx.-KkaphsilMmiBctlie  mean  wdght  of  the  ears  faiUietwo-«arfltrai]isol  Indian  0^ 

Stalks  with  single  ears  to  the  number  that  have  two  ears  in  the  offspring 
of  such  parents.     In  succeeding  years,  the  upper  ears  continued  to  be 
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~/90ff  >®a9  /9X>  /&//  /a/^  /SA3  A9^  ASK^  /9^ 

Fko.  xa.— Graphs  showing  the  mean  number  of  rows  of  kernels  in  the  two-ear  strafais  of  Indian  com,  190^ 

Z916. 

selected  for  planting.  This  perhaps  defines  sufficiently  what  is  called 
the  "upper-ear  plots."  Similarly  on  the  "lower-ear  plots"  the  lower 
ears  were  selected  for  planting.  In  the  present  paper  we  are  not  con- 
cerned with  the  primary  purposes  of  the  experiment,  but  with  the  effects 
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d  the  selections  on  the  four  physical  characters  of  ears  mentioned 
above. 
Our  data  on  the  upper-ear  plots  cover  four  crops,  1908  to  1911.  Our 
data  on  the  lower-ear  plots  cover  nine  crops,  1908  to  191 6,  with  the  one 
exception  of  the  single  ears  for  1911,  owing  to  the  fact  that  the  records 
are  not  available  for  that  case. 

Dn^FBRBNCSS  IN  MBANS 
[Table  in  and  fig.  9  to  za] 

It  is  true  in  every  case  that  the  upper  ears  have  a  significantly  larger 
Bean  value  in  length,  weight,  and  drcumference  than  have  the  corre- 
sponding lower  ears  of  the  same  stalks.  This  fact  stands  out  promi- 
amtly  in  the  graphic  representations  of  figures  9  to  12. 

In  mean  length  of  ears  these  differences  range  from  5  to  30  per  cent  of 
tk  mean  length  ci  the  shorter  group  of  ears. 

In  mean  weight  of  ears  the  differences  range  from  14  to  70  per  cent 
of  the  mean  length  of  the  lighter  group  of  ears. 

In  mean  circumference  of  ears  the  differences  range  from  a  little  less 
than  5  to  13  per  cent  of  the  mean  circumference  of  the  smaller  group  of 
ears. 

Table  III. — Type  and  variabiUty  of  the  two-ear  strains  of  Indian  cam 

UPPBR-BAR  PLOT,  CROP  OF  1908 


Chmctcr  and  strain. 


Mean. 


Bmpir- 

ical 
mode. 


Standard  devia- 


Coeffident  of  varia- 
bility. 


I  of  ear,  in  inches: 
Dgleears 

Upper  ears 

lower  eats 

Circnniference   of    ear,    in 
iacbes: 

Stni^ears 

Upper  ears 

lower  ears 

Wci^bt  of  ear,  in  ounces: 

Sngleeais 

Upper  ears 

lower  ears 

««8  of  kernels  on  ear: 

Single  ears 

Upper  ears 

lower  ears 


7. 87o±a  054 
8.739±  .053 
6.84od:  .07a 


6.067^:  .oao 
6.  o6od:  .025 
5.479±  -030 

8. 64  ±  .  II 
8.  786±  .  098 
5. 69  ±  .  13 

18.35  db  .086 
18. 03  ±  .  14 
18.  25  ±  .  20 


7-5 

6.0 

5.7s 
S.50 

lao 

6.0 

18.0 
18.0 
18.0 


I.  75o±o-  03S 

.956±  .P37 

i.344±  .052 


•  630^:  .014 
.454±  .018 

•  533±  .031 

a.986±  .071 
i.658±  .070 
2.034±  .091 

3.  5i6±  .060 
2.  55  ±  •  10 
2.  74  ±  .  14 


22.  24±a  51 
ia94±  .42 
t9.65±  .77 


ia38±  .24 
7.49±  -29 
9»73±  -40 

11:111:1? 

35-75±i-68 

i3.7i±  .34 
i4-o5±  .56 
15.  o4±  .  78 
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Table  III. — Type  and  variability  of  the  two-ear  strains  of  Indian  com — Continued 

UPPBR-BAR  PW>T,  CROP  OP  I909 


Character  and  ttnun. 


Uena. 


Empir- 
ical 
mode. 


Standard  devia- 
tion. 


Coefficient  of  varia- 
bility. 


I^ength  of  ear,  in  inches: 

Single  ears 

Upper  ears 

Lower  ears 

Circumference  of  ears,  in 
inches: 

Single  ears 

Upper  ears 

I/)wer  ears 

Weight  of  ear,  in  ounces: 

Single  ears 

Upper  ears 

Lower  ears 

Rows  of  kernels  on  ears: 

Single  ears 

Upper  ears 

Lower  ears 


7.775±0.O43 
8.  325±  .062 
6.  5ia±  .097 


6. 183^:  .oao 
5.976^:  .028 
5-373±  -036 

7.  7i9±  •  087 
7. 69  ±  .  12 

4.  51  ±  •  14 

17. 91  d:  .  zo 
16.  76  ±  .  16 
16. 32  ±  .  18 


8.0 
6.5 


6.0 
6.0 

5.5 

8.0 
8.0 
4-0 

z8.o 
16.0 
z8.o 


I.  o85±a  030 

.897±  .043 

i.349±  -065 


.5i2±  .014 
.408^:  .020 
.48S±    oas 

2.  x66d:  .  061 
z.  622i:  .084 
z.8zoi:  .098 

2.  482d:  .07Z 
2.  30  ±  .  XI 
2. 41  ±  .  13 


Z3. 96±a  40 

i<x  77±  •  53 
aa  72  ±z.  10 


a42±  .24 

6.83±  .34 
9.93±  .48 

98.o6db  .86 
9Z.09±i.  10 
4azz±2. 50 

i3.86i  .41 

13.  7a±  •7« 
X2.93±  .80 


UPPER-EAR  PU>T,  CROP  OP  I910 


Length  of  ear,  in  inches: 

Single  ears 

Upper  ears 

Lower  ears 

Circumference  of  ear,  in 
inches: 

Single  ears 

Upper  ears 

Lower  ears 

Weight  of  ear,  in  ounces: 

Single  ears 

Upper  ears 

Lower  ears 

Rows  of  kernels  on  ear: 

Single  ears 

Upper  ears 

Lower  ears 


7. 820  dba  057 
8.  268i:  .  056 
6.  522±  .079 


6.376±  .019 
6.26od:  .025 
5.  784±  .  03a 


t 


57  ± 
99  ± 
6.13  ± 


zz 

Z2 


Z7.  S4a±  .09Z 
17.  26  d:  .  Z4 
17.  31  ±  •  15 


Vo 

7.0 

6.0 

5-5 


6.0 

z8.o 
z6.  o 
16.0 


I.  592  ±a  040 
z.  02id:  .040 
i.364±  .056 


.5a6±  -OM 
.459±  .oz8 
.529^:  .023 

a.957±  .079 
2.205d:  .087 
2.  Z28i:  .099 

2.366±  .064 
2.  54  ±  .  zo 
2. 27  i:  .  zz 


2a  36d=a  « 
"•35i  -48 
2a9zd:  .89 


8.95db  .22 

7-33±  .18 
9.zs±  .40 

30L9Zd:  .90 
94.5  d:X.o 
34.7  ±i.« 

X3-49±  .37 
Z4.73±  -60 
I3*i»±  -64 


UPPER-EAR  PLOT,  CROP  OP  I9II 


Length  of  ear,  in  inches: 

Single  ears 

Upper  ears 

Lower  ears 

Circumference  of  ear,  in 
inches: 

Single  ears 

Upper  ears 

Lower  ears 

Weight  of  ear,  in  ounces: 

Single  ears 

Upper  ears 

Lower  ears 


7.  537  ±0.010 
5.  7iSd:  .OZ2 


6.o66d:  .04Z 
5-339±  -049 


7-942± 
4.7x6± 


ozs 
022 


7-5 
6.0 


6.0 
5-0 


9.0 

30 


1. 3i9±a  070 
z.298±  .083 


'5SS±  .<»9 
.003d:  .035 


x.94i± 

2.03I± 


ozx 
016 


17.  50±a  94 
22.  7zd:  .  Z3 


a82d:  .4$ 
zz.29i:  .67 


24.  44±  .  IS 
43.  zod:  .  40 
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Tablb  III. — Type  and  variability  of  the  two-ear  strains  of  Indian  com — Continued 

tOWBR-SAR  PU>T,  CROP  OF  1908 


Cfaumctcr  and  strain. 


Lcogtii  of  ear,  in  inches: 

&ig1e  ears 

Upper  ears 

Lower  ears 

Cbcmnfeience  of  ear»  in 
inches: 

Single  ears 

Upper  ears 

Lower  ears 

ieigbt  of  ear,  in  ounces: 

Single  ears 

Upper  ears 

Lower  ears 

Bows  of  kernels  oii  ear: 

Single  ears 

Upper  ears 

lower  ears 


Mean. 


7.  os6±a  043 
7.238±  .097 
6. 14  ±  .  zo 


5.  74i±  .oao 

5.67i±  .051 

5.  zpad:  .046 

6.  740±  .  078 
6.  a6  ±  .  ao 
4.  XX  ±  ..  X7 

17-  79  ±  •  10 

17-35  ±  -ao 

16.49  ±  -23 


empir- 
ical 


8.0 

7-S 
6.0 


6.0 

5-75 
5-25 

7.0 
50 
3-0 

i&o 
16.0 
16.0 


Standard 
tion. 


1. 295±a  030 
z.  3a7d:  .068 
1. 188±  .  07X 


.  S74±  .  0x4 
.S7S±  -036 
.  5X4±  .  032 

a.  I76±  .  055 
a.  34  ±  .  X4 
I.  79  ±  •  1* 

a.  55  ±  .071 
a.  16  i:  .  14 
a.  ao  ±  .  16 


Coefficient  of 
bility. 


LOWBR-BAR  PLOT,  CROP  OF  I909 


of   ear,    in 


Lensdi  of  ear,  in  inches: 

Single  ears 

Upper  eaxs 

Lower  ears 

Gucmnfcfence 
indies: 

Sbgle  ears 

Upper  eaxs 

Lower  ears 

Wdriit  of  ear,  in  ounces: 

Single  ears 

Upper  ears 

Lower  ears 

Bows  of  kernels  on  ear: 

Single  ears 

Upper  ears 

Lower  ears 


6. 834±a  039 

7.3So±  -o^i 
5.70x±  .078 


6.oi4db  .019 
S.932±  .03a 
5-356±  .041 

6. 87  ±  .  II 
6.  763d:  .  14 

3.88  ±  .1$ 

17.63  ±  .094 
16. 93  ±  .  16 
16.60  ±  .a8 


8.0 
7.5 
5-5 

6.0 
6.0 

5-5 

7.0 
7.0 
a.  o 

x6.  o 
16.0 
16.0 


I.  i43±aoa8 

.90X±  .043 

1. 176±  .  055 


.55a±  .013 
.464^:  .oaa 
.546±  .oa9 

a.  aa8±  .078 
i.994±  .099 
1.89  ±  .11 

a.  496±  .066 
a.  a8  ±  .  II 
a.  75  ±  .  ao 


LOWBR-BAR  PLOT,  CROP  OF  I910 


of  ear,  in  inches: 


Upper  < 

Lower  ears 

Circttmference   of   ear,    in 
inches: 

Single  ears 

Upper  ears 

Lower  ears 

Wciriit  of  ear,  in  ounces: 

Single  ears 

Upper  ears 

Lower  ears 

Bows  of  kernels  on  ear : 

Single  ears 

Upper  ears 

Lower  eais 


7. 3i4±o.  051 
7-5i7±  -039 
6.405±  .045 


6.  a7a±  .oaa 

6.  iaa±  .018 
5.8i6±  .019 

8. 359±  .  la 

7.  77od:  .  087 
5.793±  .081 

17.44  ±  .11 
17.  a4  ±  .  10 
17-07  db  .11 


8.0 
8.0 
7.0 


6.0 
6.0 
6.0 

5-0 
7.0 

50 

16.0 
16.0 
16.0 


1. 4i6±a  036 
i.o88±  .oao 
1. 195  ±  .  03a 


.  S^7±  -  016 
.  476±  .  oia 
.48o±  .013 

a.853±  .085 
a.  124±  .  061 
i.903±  -057 

a.  644  J:  .076 
a.674±  .071 
a.  584±  .076 


x8.35±a44 
i6.9S±  .96 
19.3  ±i.a 


xaoo±  .35 
la  I4d:  .  64 
iao9±  .64 

3a.aSd:  .90 
35-7  ±a-S 
43-6  ±3-4 

i4.3a±  .41 
ia.45±  -^ 
13-3  ±10 


16.  73  ±a  4a 
la.  26±  .59 
30.6  ±1.0 


9.  i8±  .  23 

7.82±  .37 
xo.  i9±  .  5S 

32.4  ±1.3 
29-5  ±1-5 
48.7  ±3-2 

14,  i6±  .  38 
i3.48±  .67 

16.5  ±1.2 


19. 36±a  a6 
14.48^  .38 
18. 66±  .  51 


9-36±  .25 
7.  78±  .20 
8.25±  .2$ 

34-1  ±1.1 
27.32±  .8$ 
32.8  ±1.1 


15- 15± 

i5-5i± 
15- 14± 


45 
4a 
45 
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ihn  III. — Type  and  variMlity  of  the  two-ear  strains  cf  Indian  com — Continued 
LOW6R-EAR  PM)T,  CROP  OF  I9II 


duavcter  flild  stnin. 


h  of  ear,  in  inches: 

ingle  ears 

Fpper  ears 

ower  ears 

mference   of   ear,    in 
iies: 

ingle  ears 

Fpper  ears 

ower  ears 

It  of  ear,  in  ounces: 

ingle  ears 

Tppcr  ears 

ower  ears 


6. 46ai:ao87 
5-3S8±  -091 


5-790± 
5.  ai6± 


078 
091 


6.18  d: 
4.04  ± 


170 
130 


Bins>ir- 

iCAl    ^ 

mode. 


5-5 
5-5 


6.0 

5- as 


6.0 
30 


Standard  devJA- 


l-357±0-o62 
i.3S8±  .065 


.56i±  .065 


I.  7^A± 
i.677± 


I30 
089 


CDeffiomt  of  n 
biltty. 


CROP  OP  191a 


h  of  ear,  in  inches: 

ingle  ears 

rpper  ears 

ower  ears 

[nference   of   ear,    in 
les: 

ingle  ears 

Tpper  ears 

ower  ears 

it  of  ear,  in  ounces: 

ingle  ears 

rpper  ears 

ower  ears 

of  kernels  on  ear: 

ingle  cars 

Fpper  ears 

ower  ears 


7.  o56±a  048 
7.  25od:  .066 
6.  i76±  .  07s 


5.853db  .oao 

5.  7oodb  .015 
5.427^  .014 

7.oo4d:  .088 

6.  429±  .052 
4.977±  -052 

i6.56odb  .088 
i5-56o±  .069 
15. 822  ±  .023 


7.5 

I"" 
6.5 


6.0 

5-75 

5-5 

6.0 
6.0 

5-0 

16.0 
16.  o 
16.0 


1.  233  ±a  034 
X.  900d:  .047 

2.  ioo±  .  053 


.523  d:  .014 

.4i7±  -oio 
.392±  .010 

2.  o53±  .062 
I.  4o6±  .037 

1.  245±  .037 

2.  212  i:  .  062 
I.  990±  .049 
I.  870±  .  016 


CROP  OF  19 13 


h  of  ear,  in  inches: 

ingle  ears 

Fpperears 

ower  ears 

inference   of    ear,    in 
ties: 

ingle  ears 

rpper  ears 

ower  ears 

It  of  ear,  in  ounces: 

ingle  ears 

Tpper  ears 

ower  ears 

of  kernels  on  ears: 

ingle  ears 

fpper  ears 

ower  ears 


6.  202  ±0.061 
6.  74i±  .064 
5.  i92±  .069 


5.359±  -025 

5.374±  .028 

4.844±  .025 

S.9o8±  .093 

5.  28o±  .  083 

3.655±  .093 

16. 19  ±  .  13 

16. 10  ±  .  13 

15. 42  ±  .  15 


6.0 

6.5 
5-0 


50 
5-5 
4.75 

6.0 
5-0 
3.0 

16.0 
16.  o 
14.  o 


I.  394±o.  043 
I.  238±  .046 
i.257±  .049 


.58i±  .018 
.  528±  .  020 
.454±  .018 

I.  641  db  .  066 
I.  4ii±  .059 

1.  173  ±  .060 

2.486d:  .089 

2.  252  ±  .090 
2.  07  d:  .  10 
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Tabls  m. — Typ€  and  variMliiy  of  A§  two-oar  strains  of  Indian  com— Contisitied 

cxop  09  19x4 


Umn, 


Staadanl  dcvk- 


Owflk'tent  ci  TwrfaiF* 
biUty. 


Length  of  tan,  in  inches: 

Single  ears 

Upper  ears 

Lower  ears 

Ckcomfcienoe  of  ear,  in 
iicfaes: 

Sngleears 

Upper  ears 

Lower  ears 

K^  of  ear,  in  ounces: 

Single  ears 

Upper  ears 

Lower  ears 

Boss  of  kernels  on  ear: 

Single  ears 

Upper  ears 

Lower  ears 


6.855dbo.o6z 
7.  iQodb  .03X 
6.340±  .031 


S.789±  .024 
5.696^:  .014 
5.427^  -014 


7-23  ± 
7.o6o± 

S-376± 


xo 

048 

049 


i6.434db  .097 
x6.  oo4±  .065 
16.  X40±  .  066 


8.0 
75 
6.5 


5-7S 
5-75 
5- SO 

7.0 
7.0 
50 

x6.o 
z6.o 
16.0 


x.473±o-<M3 
x.o53±  .022 
x.ox5db  .oaa 


.574±  .017 
.456^:  .0x0 
.440^:  .0x0 

2. 346^  .070 
i-553±  .034 
i'439±  -035 

2.245±  '069 
2.  X28±  .046 
2.o6o±  .047 


«x.49±o-7i 
X4.63±  .32 
x6.oidb  .36 


9.9*^  -30 
8.oxi:  .X7 


8.  xx± 


3X.  I  ±x.o 
22.  oo±  .  5x 
26. 77±  .69 

X3.66±  .42 
X3.30±  .29 
X2.  76±  .30 


CROP  OF  19x5 


LoKthof  eais,  in  indies: 

Single  ears 

Upper  ears 

Lower  ears 

uiciuufcrenoe  of  ears,  in 
indies: 

Smgleeaxs 

Upper  ears 

Lower  eais 

Wddtt  of  ear,  in  otmces: 

Single  ears 

Upper  ears 

Lower  ears 

Bows  of  kernels  on  ear: 

Single  eais 

Upper  ears 

Lower  ears 


7. 220:to>  075 
7.  io7±  .024 
6.  7x8±  .025 


5.7x8±  .028 
5.485^  .011 
5.29S±  .0x1 

6.86od:  .XX5 
5.98i±  -033 
5.243±  .036 

X6.69  ±  -13 
X5.990±  .055 
x6. 282d:  .054 


75 
75 
6.5 


5-75 
5-5 
5- 5 

8.0 
6.0 
5.0 

x6.o 
x6.  o 
16.0 


X.  288dbo.  053 
.900±  .017 
.939±  .0x8 


•  470^  .020 
.404^:  .008 
.4X4db  .008 

z.878db  .o8x 
X.  228  ±  .  024 
x.28s±  .025 

2.2<oi:  .095 
2.o86±  .039 
2. 026±  .038 


X7.84±a79 
X2.66±  .24 
X3.98±  .27 


8.22±  .35 

7-37±  -14 
7.82±  .xs 

27.4  ±1.3 
3a53±  .41 
24.5x±  .50 

X3.48i:  .60 
i3-o5±  .25 
X2.44±  .24 


CROP  OP  X9X6 


lo^  of  eais,  in  inches: 

Sin^eeais 

Upper  ears 

Lower  ears 

CiKomference  of  ear,  in 
aches: 

Single  ears 

Upper  ears 

Lower  ears 

Wddit  of  ear,  in  otmces: 

Sin^eais 

Upper  ears 

Lowerears 

lows  of  kernels  on  ear : 

Single  eaw 

^ppereais 

I^owtreaw 


6. 327±a  042 

6.545±  .047 
5.44X±  .050 


4-995±  -oao 
5.  oxxdb  .016 
4.6xs±  .0x8 

4.763db  .087 
4-549i:  -054 
3.270±  .053 

x6. 249i:  .090 
x6.327±  .095 
x6.  X4  ±  .  10 


6.5 
6.5 
5-5 


5.0 

4.7s 

4.75 

4.0 
4.0 
4.0 

16.0 
16.0 
x6.  o 


o.  934±o.  030 
x.o57±  .033 
X.  xxx±  .035 


.444±  .014 
.369^  .0x2 
.4X3±  .0x3 

I.  776db  .06a 

1.  X43±  .038 
x.03S±  .037 

x.849db  .063 
2. 07o±  .067 

2.  X23±  .074 


X4.77±o-49 
x6.  i5±  .  52 
2a42±  .67 


8.89^:  .29 

7-35±  -33 
S.95i:  .25 

37-29±i.46 

25-i3i:  -87 
3x.64ix.25 


xx.32±  -^ 
X2.68±  .42 
I3.i5±  -47 
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With  respect  to  the  number  of  rows  of  kernels  on  ears,  no  significant 
difference  is  shown  to  exist  between  the  upper  and  the  lower  ears. 
While  the  upper-ear  plots  were  continued  for  only  four  jrears,  it  seems 
that  it  may  be  of  value  to  compare  for  these  four  years  the  upper  ears 
of  the  upper-ear  plots  with  the  upper  ears  of  the  lower-ear  plots  and  the 
lower  ears  of  the  upper-ear  plots  with  the  lower  ears  of  the  lower-ear 
plots.  Prom  such  a  comparison  (see  fig.  9  to  12)  we  may  assert  that  in 
mean  length  of  ears,  circumference  of  ears,  and  weight  of  ears,  the  upper 
ears  of  the  upper-ear  plot  are  larger  in  each  case  than  the  corre^)onding 
upper  ears  of  the  lower-ear  plot.  The  lower  ears  of  the  upper-ear  plots 
exceed  in  mean  length  and  weight  the  lower  ears  of  the  lower-ear  plots, 
but  in  circumference  no  significant  difference  exists. 

DnVBR9NC8S  Of  VARIABILITY 
[Table  in  and  fig.  13  to  x6] 

The  standard  deviations  of  length  of  ears  have  in  general  been  only 
slightly  different  for  the  upper  and  lower  ears  of  the  lower-ear  plots. 
In  circumference  of  ears  for  the  lower-ear  plots  it  seems  that  the  dif- 
ferences in  standard  deviation  are  insufficient  to  persist  from  season  to 
season.  In  the  weight  of  ears  the  standard  deviations  of  the  upper  ears 
of  the  lower-ear  plots  have  generally  been  significantly  greater  than  those 
of  the  lower  ears  of  the  lower-ear  plots.  The  year  1915  gives  an  excep- 
tion to  this  rule.  The  standard  deviations  of  the  upper  ears  on  the  up- 
per-ear plots  for  length  of  ears,  weight  of  ears,  and  circumference  of  ears 
are  in  general  smaller  than  the  corresponding  standard  deviations  of 
the  lower  ears  on  these  plots. 

The  coefficients  of  variability  for  length  and  weight  of  the  lower  ears 
of  the  lower-ear  plots  are  decidedly  larger  than  the  coefficients  of  varia- 
bility for  these  characters  in  the  upper  ears  of  the  lower-ear  plots.  Fur- 
thermore the  coefficients  of  variability  of  length,  circumference,  and 
weight  of  the  upper  ears  are  larger  for  the  lower-ear  plots  than  for  the 
corresponding  upper-ear  plots. 

COMPARISON   OF   SINGLE   EARS  ON   UPPER-   AND  LOWER-EAR  PLOTS  WTTH 
THE  UPPER  AND  LOWER  EARS 

[Table  in  and  fie.  9  to  16] 

DIFPBRBNCES  OP  MBANS 

[Pig.  9  to  xa] 

The  means  of  single  ears  for  weight,  length,  and  circumference  are 
larger  in  each  case  than  the  corresponding  means  of  the  lower  ears. 

In  length  of  ears  the  mean  values  of  the  upper  ears  are  larger  than  those 
of  the  corresponding  single  ears  in  lo  out  of  ii  cases.  To  judge  by 
probable  errors,  no  more  than  half  of  these  differences  are  significant. 
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But  on  the  whole  there  seems  to  be  some  tendency  for  the  upper  ears  to 
exceed  the  single  ears  in  length. 

In  the  cdicmnference  of  ears  the  means  of  the  single  ears  exceed  the 
means  of  the  upper  ears  in  8  out  of  1 1  cases,  but  only  4  of  these  differences 
are  significant  when  judged  by  probable  errors. 

In  weight  of  ears,  the  means  for  the  single  ears  exceed  those  for  the 
n{q)er  ears  in  every  case  but  one.  Thus,  it  appears  in  a  general  way  that 
angle  ears  tend  to  be  relatively  heavier  and  larger  in  circumference,  but 
shorter  than  upper  ears. 

In  rows  of  kernels  on  ears  the  mean  number  for  the  single  ears  is  larger 
in  each  case  but  one  than  that  for  the  upper  and  lower  ears,  but  three 
of  these  differences  are  so  small  as  hardly  to  be  r^;arded  as  significant 
wben  compared  with  probable  errors. 

DIFFGRBNCBS  IN  VARIABn^TTY 
[Table  III  and  fig.  13  to  z6] 

With  respect  to  the  length  of  ears  nothing  very  definite  is  to  be  in- 
fened.  In  dr-  cumference  of  ears,  with  a  single  exception  in  22  cases, 
the  standard  deviation  of  the  single  ears  exceeds  that  of  upper  and  lower 
eais^d  the  difference  is  insignificant  in  this  exceptional  case. 

In  weight  of  ears  the  single  ears  have  a  greater  standard  deviation 
than  the  upper  or  lower  ears  in  21  out  of  22  cases.  In  fact,  so  great  is 
this  difference  that  in  some  cases  it  looks  as  if  the  two  frequency  distri- 
butions of  upper  and  lower  ears  might  be  combined  to  form  the  frequency 
distribution*  of  single  ears. 

In  length  and  weight  of  ears  the  coeflBdents  of  variability  of  the 
lower  ears  exceed  those  of  the  corresponding  upper  ears.  In  drcum- 
ference  of  ears,  the  coeflBdent  of  variability  of  the  lower  ears  dther  exceeds 
in  each  case  that  of  the  corresponding  upper  ears  or  differs  from  it  by 
an  insignificant  amount. 

ERECT-  AND  DECLINING-EAR  STRAINS 

Table  IV  gives  the  means,  standard  deviations,  coeffidents  of  varia- 
biEty,  and  the  corresponding  probable  errors  for  the  characters  in  ques- 
ticm  of  the  erect-  and  dedining-ear  strains. 

Although  we  exhibit  graphic^y  the  results  on  the  erect-  and  declining- 
car  strains  and  those  on  the  high-  and  low-ear  strains  on  the  same  figures, 
we  do  so  to  save  space,  and  not  to  make  comparisons  of  the  erect-  and 
dedining-ear  strains  with  the  high-  and  low-ear  strains.  Comparisons  are 
made  only  between  the  erect-  and  declining-ear  strains  and  between  the 
high-  and  low-ear  strains. 
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^kfiO^  /309  ^S^O  /9tf/  /S^S  yS>^S  /S/-^ 

Pxo.  Z3.— Graphs  showing  the  standard  deviation  of  the  tength  tk  the  ears  in  the  two*ear  strains  of  Indian 

com.  1908-19x6. 


0^       ^»        mar      xr/        /tsr        ms       /9^        jws 

Z4.— Graphs  showing  the  standard  deviation  of  the  drcumf  erence  of  the  ears  in  the  two-ear  strains  of 

Indian  com.  X908-Z9X6. 
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,AaH«9P^  >p^cor 


omn^r^t^jRcaT- 


'     «!//• '  ■ '  '  ysK^        ^^H^'^      /SS^         xgK5-  '     x^~ 
Afd  deviation  o£  the  weight  of  the  ears  in  the  two-ear  strains  of  Indian 
com.  Z908r-X9z6. 


^CPMS  P  £>i^  A  ^^r- 


o^t^Rf  is#e>«9i7- 


yo/^         jt»^        ytfHA        -«K^        m^^     «<fM9 

u-d  deviation  of  the  number  of  rows  of  kernels  in  the  two-ear  strains  of 
Indian  com. 
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DIFPBRENCES  IN   MBANS 
[Fig.  17  to  aol 

of  the  lo  years  of  this  experiment  we  find  that  the  mean  lengths 
:rect  ears  exceed  those  of  the  declining  ears.     In  7  of  the  10  years, 


/<aay       /SOS 


/9/0 


/9f3 


XSMP 


iyiaphs  showing  the  mean  length  of  the  ears  ol  the  erect-  and  dedining-ear  strains  of  Indian 

com. 

ans  of  weights  of  erect  ears  exceed  those  of  declining  ears.    Ic 
tmiber  of  rows  of  kernels  on  ears,  there  is  no  significant  differena 


■  /^oe        /^o»        /o/a         xp//         xjk^  lsi&         ^^^         ^^         ab^v 

Haphs  showing  the  mean  drcumference  of  theearsof  theerect-  and  dedinin^^ar  stntnsof  In- 
dian com. 

II  erect  and  declining  ears.    Taken  as  a  whole  it  seems  that  no 

ices  in  means  are  large  enough  to  persist  well  from  season  to 

The  fact  that  the  erect  ears  are  on  the  whole,  at  least  as  heavy 
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as  the  decfining  ears  is  of  special  interest  because  of  a  natural  suggestion 
that  the  ears  decline  on  account  of  their  weight.^ 


AOk !».— Onphs  afaowiag  the  X 


X5K/  XSK? 

1  wdi^t  of  the  can  of  the  erect*  and  deoUnbiff^tf  ttraiat  of  Indian  corn. 


ittumberof  rowtof  kem^ontheeanof  the  erect- and  dcdinfai#«ar 
ttrahis  of  Indian  com. 

DIFPERBNCBS  IN   VARIABILITY 
[Pif.  X7  to  9^ 

In  regard  to  the  standard  deviations  it  seems  that  no  inference  of  value 
is  to  be  drawn  in  regard  to  dififerences  between  erect  and  dedining-ear 
stiains.    It  seems  that  in  about  one-half  of  the  cases  the  erect  ears  are 


>SllllB,V.H.    TBM 

B'Aff.Bm.Ste. 


svrsGTOf  m^cnoif  vfom 

p.  47-^.5  p.    1909. 
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more  variable  than  the  declining,  while  the  reverse  is  true  for  the  remainder 
of  the  cases.  The  differences  are  in  general  of  no  significance.  The  same 
may  be  said  in  regard  to  the  coefficients  of  variability,  of  which  we  pre- 
pared graphic  representations  but  hesitate  to  take  the  space  to  exhibit 
them,  since  the  conclusions  drawn  can  be  readily  obtained  from  the 
values  in  Table  IV. 

Table  IV. — Type  and  variability  of  the  erect'  and  declining-ear  strains  of  Indian  com 

CROP  09  1937 


Character  and  strain. 

Mean. 

Empir- 
ical 
mode. 

Standard  devia- 
doa. 

Coefficient  of  variar 
biUty. 

Length  of  ear,  in  inches: 
Srect  ears 

7.925±ao37 
7.968±  .053 

6.053±  .014 
6.o86±  .020 

9.  i9i±  -075 
8.66o±  .110 

I3.9i8±  .054 
i4.688±  .072 

9.0 
9.0 

6.0 
6.5 

zao 
9.0 

14.0 
14.0 

I.  38o±a  026 
'•575±  -037 

.5i9±  .010 
.S68±  .014 

2.688±  .053 
a-953±  -071 

x.9oo±  .038 
i.983±  .052 

i7.4iio.35 
i9-77±  -50 

8.  58±  .  17 
9.33=fc  -23 

29.25±    .64 

33.9^=h  .99 

i3.65±  .aS 
i3-5«>±  -35 

TVclmififiT  eats X  . . . 

Ciraimference  of  ears,   in 
inches: 
Erect  ears 

Declining  ears 

Weight  of  eais,  in  ounces: 
Erect  cars 

Declining  ears. 

Rows  of  kernels  on  cars: 
Erect  cars 

Declining  eats 

CROP  OP  1908 


Length  of  ear,  in  inches: 

Erect  cais 

Declining  cais 

Circumference  of  ear, 
inches: 

Erect  cars 

Declining  cars 

Wei^t  of  car,  in  ounces: 

Etect  ears 

Declining  ears 

Rows  of  kernels  on  cars: 

Erect  ears 

Declining  ears 


7.850^0.067 
7.  i83±  .031 


5.900db  .014 
5.5ii±  .013 

8.  i28±  .  067 
6.485±  .053 

14.  56od=  .  051 
i4-370±  .056 


8.0 
7.0 

6.0 

5-5 

8.0 
6.0 

14.0 
14.  o 


1. 243  ±a  024 
I.  io9±  .  023 


.  5oo±  .  010 
.447±  .009 

a.  132  ±  .047 
i.8o3±  -037 

I.  754±  .036 
i.S8o±  .039 


15-84^:0.31 
I5.44db  .31 


.848±   .17 
8.  ii±  .16 

26.  23±  .62 
27. 8o±  .  62 

12.  o5±  .25 

13.  o8±  .  28 


CROP  OP   1909 


Length  of  ear,  in  inches: 

Erect  ears 

Declining  ears 

Circumference  of  ear,  in 
inches: 

Erect  ears 

Declining  ears 

Weight  of  car,  in  otmces: 

Erect  ears 

Declining  ears 

Rows  of  kernels  on  ears : 

Erect  cars 

Declining  ears 


7. 366  ±0. 033 
7.278^  .034 


5-9"± 
5-647± 


013 
016 


7.442±  .058 

S.836±  .056 

14.  623  ±  .053 

I4.429±  .057 


8.0 
7.0 

6.0 

5-5 

8,0 
6.0 

14.0 
14.  o 


I.  246  ±0.023 
I.  298  ±  .  024 


.5i2±  .009 
.  57o±  .012 


2.  i86± 
I.  9i6± 

1. 927d= 
I.  9ii± 


.041 
.  040 

.038 
.  040 


16.  92  ±0.  32 
i7.83±  .36 


.866±  .17 
10.  09d:  .  20 

29.  37±  .60 

32.83±  .75 

i3.o7±  .26 
13.  24±  .28 
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Tablb  IV. — Type  and  variability  of  the  erect-  and  declining-ear  strains  of  Indian 

com — Continued 

CROP  OP  Z910 


Character  and  strain. 


Mean. 


Empir- 
ical 
mode. 


Standard  devia- 
tion. 


Coefficient  of  varia^ 
biUty. 


Unfth  of  ear,  in  inches: 

£rectears 

Declining  eats 

Circnniference  of  ear,  in 
kdies: 

Erect  ears 

Declining  ears 

It^  of  ear,  in  ounces: 

Erect  ears 

Declining  ears 

lots  of  kernels  on  ears: 

Erect  ears 

Declining  ears 

LcofUiof  ear,  in  inches: 

Erect  ears 

Declining  ears 

Ciiaunference  of  ear,  in 
indies: 

Erect  ears 

Declining  ears 

Wei^  of  ear,  in  ounces: 

Erect  cars 

Declining  ears 

Eoivsof  kernels  on  ears: 

Erect  ears 

Declining  ears 

I«gth  of  ear,  in  inches: 

Sect  ears 

Declining  ears 

Qicnmfcrence  of  ear,  in 
iacbes: 

Erect  ears 

Declining  ears 

^a^  of  ear,  in  ounces: 

Erect  eais 

Declining  ears 

J^owsof  kernels  on  ears: 

Erect  ears 

Declining  ears 


7. 691  ±0.031 
7'35o±  .035 


6.  i35± 
5-796± 


013 
CIS 


8.643±  -068 
6.  598±  .061 


14. 3i4± 
14.  5ao± 


050 
056 


8.0 
8.0 


6.0 
6.0 

9.0 
7.0 

14.0 
14.0 


1. 065  ±0.022 
1. 143  ±  .024 


•455±  -009 
.  484±  .011 


2.  267  ± 
i-875± 

I.  676± 
I.  765  ± 


048 
043 

035 
040 


13-  85±o.  29 
i5-55±  -34 


7.4a±  .^6 
8.35±  .18 

26.a3±  .59 
28.42±  .  71 

11.  7»±  -aj 

12.  i6±  .28 


CROP  OP  191 1 


7.  708  ±0. 036 
6.985±  .036 


5.785± 

5-  575± 


on 
015 


7.48o±  .053 
6.  i54±  .  069 


14.  538  ± 
14.  753± 


049 
077 


8.5 
7-5 


5-75 
5- 50 

8.0 
6.0 

14.0 
14*0 


1. 418  ±a  026 
i-3i2±  .026 


.457±  -008 
.5io±  .011 

i.925±  .038 
I.  7oo±  .  049 

i.877±  .035 
i.90o±  .055 


18. 39±o.  34 
18.  78±  .  38 


7-90±  .15 
9- 15±  .  19 

25-74±  .54 
27. 62±  .81 

12. 9i±  .  26 
I2.87±  .36 


CROP  OP  X913 


7. 82 1  ±a  037 
8.294±  .033 


6.  22o±  .  012 


8-255± 
9-  436± 

15.  5o6± 
14.  546± 


051 
059 

044 
048 


8.5 
9.0 


6.0 
6.0 

9.0 

9.0 

14.0 
14.0 


I.  379±o-o2i 
1.314^0-024 


.467  ±0.007 
.  479±0-  009 

2. 135  ±a  036 
2.  2i8±ao42 

i.844±o.o3i 
i.845±o.o34 


17- 63  ±0.29 
15.84^  .29 


7-79± 
7-7o± 

25.86± 
23-  5i± 

12.  i5± 
12. 86± 


12 
IS 

47 
47 

20 
24 
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Tabl9  IV. — Type  and  variability  of  the  erect-  and  declining-ear  strains  of  Indian 

com — Continued 


CROP  OF  19 13 


Umn. 

Bmpir- 
mode. 

Standard  devia- 
Uon. 

Coefficient  d  variA- 
bflity. 

Length  of  ear,  in  inches: 
^riect  cars 

6, 338±a  044 
8.  i8a±  .034 

5.205±  .016 
5.9^±  .012 

4.565^:  '06s 
7.66i±  .056 

i3-3^=t  -065 
14  3^o±  ,  169 

8-5 
U 

40 
8.0 

13.  0 
14.0 

I.3ll±a03l 
i.377±  .034 

o.48o±  .011 
o.437±     ooS 

i.543±  -046 
i.77a±  .035 

i.598±  .046 
1. 8ii±  .  119 

3a68±o.  51 
i5.6i±o.  30 

9.  33d=o.  ^^ 
7.3a±o.  14 

SS^Sodbi.  la 
33. 13  ±0.49 

ii.94±o.3S 
13.65^0.91 

Declininflr  ears. ......... 

Circumference    of    ear,   in 
inches: 
Erect  ears 

Declining  ears 

V/eifi^t  of  ear,  in  ounces: 
%rect  ears 

Declining  ears 

Rows  of  kernels  on  ears: 
Krect  ears,  r 

Declining  ears 

CROP  09  19x4 


I«engdi  of  ear,  in  inches: 

^rectears 

Declining  ears 

Circumference  ol  ear,  in 
inches: 

Erect  ears 

Declining  ears 

Wei^t  of  ear,  in  ounces: 

Erect  ears 

Declining  ears 

Rows  of  kernels  on  ears: 

Erect  ears 

Declining  ears 


7.  i97±o»o3^ 
6.849±  .030 


5-4^± 
5.4«a± 

6.  567  ± 
6.  i4S± 


017 
013 

057 
049 


i4  796±  .033 
15.  too±  .  061 


7-5 
7.5 


5-25 
5- 50 

7-0 
6.0 

14.0 
14.0 


I.  i98±a  027 

I.  XX3db    .  033 


a534± 
o.454± 

i.665± 

I-  555± 

1. 97o± 
1. 936± 


0x3 
009 

041 
03s 

<»3 
<H3 


16. 65^=0.  39 
x6.  34^0.  33 


9.  S90±o.  23 
8.88xdbo.  17 

3s.35dbo.66 
35.3x^=0.61 

13. 3i4io.  16 
x3.83xdbo.30 


CROP  OP   X915 


Lengdi  of  ear,  in  inches: 

Erect  ears 

Declining  ears 

Circumference  of  ear,  in 
inches: 

Erect  ears 

Declining  ears 

Wei^t  of  ear,  in  ounces: 

Erect  ears 

Declining  ears 

Rows  of  kernels  on  ears: 

Erect  ears 

Declining  ears 


7- 455  ±0-030 

7.  2I3±    .035 


5.  738±  .0x3 
5.8s6±  .0x3 


7-449± 
7.344± 


049 
044 


X4.6x6±  .044 
i4  930±  .070 


8.0 

7-5 


5-75 
6.00 

8.0 
70 

14.0 
14.0 


I.  330±a03X 
X.  030±    .0X8 


o.496±  .009 
o.48i±  .008 


x.889± 
X.  640± 

i.768± 
3.  ii6± 


035 
031 

031 
049 


x6. 36^=0.  a9 
14.  X4±o.  9$ 

a66±o.  IS 
8.33i:o.  IS 

35. 36±o.  so 
32.33±o.4S 

X3.  io±o.  aa 
X4. 17  ±0.34 
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TABX.S  IV. — Tji>€  and  vanability  of  the  erect-  and  declining-ear  strains  of  Indian 

com— Continued 

CROP  o^  1916 


UMnicter  ssq  strain. 

Mean. 

Empir- 
ical 
mode. 

Standard  devia- 
tion. 

Coefficient  of  varia- 
biUty. 

Leofdi  of  ear,  in  inches: 
fifpct  ears. 

6. 985  ±0.041 
7-639±  .034 

4.89adb  .0x4 
5.599±  -013 

•  5-oi9±  -061 
6.X78±  .048 

15- 573  ±  -072 
x5.42o±  .059 

7.0 
7-5 

50 
5-5 

5-0 
7.0 

14.0 
16.0 

X.  290±a  029 
X.  I4X±  .024 

.409±  -oio 
.438db  .009 

i.4S9db  .043 
i.4i7±  -034 

x.679db  .051 
1.767^  .059 

x8.  47±a43 

14. 94dbo.  32 

CSicumfeienoe    of    ear,   in 
tBcbes: 
Erect  cars 

8.37i:a20 

Dfclinfng  ean^ 

7.82±ai7 

Vqribt  of  ear,  in  otxnces: 

5tMt  ears. 

39.07±x.  25 

IVrlfning  ei^n^. 

22.  78±o.  57 

tow  of  kemils  on  ears: 
Effct  ears 

II.  52±a35 

II.  46  ±0. 27 

HIGH-  AND  LOW-EAR  STRAINS 

Table  V  gives  the  means,  standard  deviations,  coefficients  of  variability, 
tad  corresponding  probable  errors  for  the  characters  in  question  of  the 
Ugh-  and  low-ear  strains. 

DIPPERENCES  IN  MEANS 
[Fig.  z7toao] 

The  mean  lengths  of  ears  of  the  low-ear  strain  exceed  in  general  slightly 

bat  sigmficantly  the  mean  lengths  of  ears  of  the  high-ear  strain,  but 

there  are  two  exceptions  in  nine  years.    The  mean  circumference  of  ears 

bom  the  low-ear  strain  exceeds  decidedly  in  each  year  the  mean  drcum- 

fetence  of  ears  of  the  high-ear  strain.    The  mean  weight  of  ears  of  the 

W-car  strain  exceeds  the  mean  weight  of  the  high-ear  strain  in  seven 

i  the  nine  years.    Some  of  these  differences  would  be  regarded  as  unques- 

tknably  significant  in  the  light  of  their  probable  errors,  but  the  excess  of 

the  mean  weights  of  low  ears  is  not  so  well  fixed  but  that  in  two  seasons 

d  the  nine  the  mean  weights  of  high  ears  exceed  slightly  those  of  the 

W  ears.     In  mean  number  of  rows  of  kernels  on  ears  the  low  ears  exceed 

tk  hi^  ears  in  every  case.    This  difference  is  decidedly  significant. 

DIPPERENCES  IN  VARIABILITY 

[Pig.  9X  to  94] 

In  length  of  ears  it  is  doubtful  if  there  is  any  significant  difference  in 

variability  between  the  high-  and  low-ear  strains.    In  drctunference  of 

«is  the  low-ear  strain  shows  in  general  the  greater  variability.     In 

TOght  of  ears  it  is  doubtful  whether  there  is  any  significant  difference 

7768*— 17 i 
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Pig.  ax.— Ontphs  thowing  the  ttandard  dcviatioo  of  the  knfth  of  the  can  of  the  high- and  low  ear 

of  Indian  corn. 


.^Or  /OO0  /909  /AC?  /Si^/  /9W?  /a^  ^SHf^  ./CSKT         aimp 

Fxo.  aa.— Graphs  showing  the  standard  deviation  of  the  drcumfereoce  of  the  can  of  high-  and  low-ctf 

ttfahiiof  Indian  com. 


Digitized  by 


Google 


Oct  u,  1917  Indirect  Effects  of  Selections  in  Breeding  Indian  Corn       141 


/^/C?  /P//  /S/^  /S/^  /9/^  /9/^  a9^ 

Fl&  Q.--Gfaplis  showing  the  standard  deviation  of  the  weight  ol  the  ears  of  high-  and  low-ear  strains  of 

I  corn. 


/O^  XftV  /Si^^  /9/~9  /Si/^  /9/S     '     -  ^9^ 

Ac.  s4.Mjfaphs  dwwing  the  standard  deviation  of  the  nnmber  of  rows  of  kerneb  on  the  ears  of  high- and 
low-ear  strains  of  Indian  com. 
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Table  \,^Typ€  and  variabiUiy  of  high-  and  hvhtar  strains  of  Indian  com — Continued 

CROP  OF  1910 


Mean. 

Bnpir- 

ical 

mode. 

Standard  deviar 
lion. 

OoeiBcifnt  of  varia- 

Ottracter and  strain. 

bility. 

Lctfd^  of  ear,  in  inches: 
Hiffli  ears 

6. 844dbO.  027 
7.  i52±  .048 

6.543±  .013 

7.  xi8i:  .OZ2 

8.  5x6db  .  060 
9-353±  -061 

x8,422±  .065 
X9.5oo±  .067 

7.0 
8.0 

6.5 
7.0 

9.0 

lao 

18.0 
2a  0 

1.  064  ±  a  019 
.978±  .039 

.487±  .009 
.48zd:  .008 

2.  28x±  .042 
2.435±  •<H3 

2.342±  .046 
2.  546±  .048 

i5-55±o.29 
I3.67±  .24. 

7. 44±  .  H 
6.  76±  .  xa 

26.77±  .53 
26.03±  .49 

12.  7i±  .25 
i3.o6±  .25 

1'  *           

I/mears 

Caomifeience    of   ear,    in 
iadies: 
ffifh  ears 

r*          

\jyw  ears 

Vq^t  of  ear,  in  ounces: 
lull  ears 

UI(UCMI9 

Iwsof  kernels  on  ears: 
High  ears 

l/fw  ears 

CJtOP  OF  191 1 


leardi  of  ear,  in  inches: 

H^eais 

Low  eais 

CSicmnfefence  of  ear,  in 
inches: 

Hi^eais 

low  ears , 

Vd^  of  ear,  in  ounces: 

Higliears , 

Low  ears , 

lo«s of  kernels  on  ears: 

ffiglhears 

Low  ears , 


6. 044i:0. 029 
5.99i±  •<»4 


6.  X30±  •  CIS 
6.3i7±  .0x3 


6.488^: 
5-9i3± 


057 
045 


i7.3<*=t     087 
i8,5io±  .074 


6.0 
6.0 

6.25 
6.5 

6.0 
6.0 

x6.o 
x8.o 

i.o88±o.02i 
1. 133±  •<>i7 


.545±  .oix 

.5»±  -009 

z.892:b  .04X 

x.8oodb  .032 

2.  437±  .062 

2.  546±  .  053 


CROP  OF  19x2 


^o^  of  ear,  in  inches: 

Hi^ears 

low  ears 

**»n&iencc  of  ear,  in 
ate: 

Hi^eaiB 

^^  tan 

"t^oCear,  in  ounces: 

l^can 

low  ears 

*^of  ketoels  on  ears: 

ffighears 

Low  ears 


6. 898dba  031 
7.396±  .029 


6. 202db 
6.  745± 

7.6o9± 
8.428± 

16.  5oo± 
19  459  ± 


014 
014 

062 
060 

071 
083 


7-5 
7-5 


6.5 
6.75 

7.0 
9.0 

16. 0 
18.0 


i.035±ao22 

I.052±    .02X 


.459db  .0x0 
.  5io±  .0x0 


i.9i9± 

2-o55± 


043 


2.  i30±  .051 
2. 766±  .059 


X7. 99±o-  37 
x8.9i±  .3a 


8.89±  .x8 
9-3i±    15 

39.z6db  .68 
3a44d:  .58 

X4.o8±  .36 
i3-75±     29 


15.  oo±a  33 
14»'^2±  .29 


7.40±  .z6 
7.S6±  .16 

2S.22±   .61 

34.38±  -55 

I2.9i±  .32 
14.2I±  .31 
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Tablb  V. — TyP€  and  variability  of  high-  and  low-^ar  strains  of  Indian  com — Contmiied 

CROP  ot  19x3 


ChftTsctcr  siiid  stndii. 

Mean. 

Smpir- 
ical 
mode. 

tion. 

Cocfllcietitof  vmri>- 
tioa. 

I^cngth  of  ear,  in  inches: 
High  ears 

6. 107  ±a  037 
6.  362±  .032 

5.895±  .017 
6.093±  .017 

6.224±  .068 
6.  25o±  .057 

17.  i9<5±  -076 
i8.854±  .089 

6.5 

6.0 
6.0 

6.0 
6.0 

16.0 
18.0 

I.  i57±o-oa6 
1. 172±  .023 

.529±  .012 
.66oi:  .012 

2.oo8±  .048 
i.942±  .040 

2.o8o±  .054 
2.576±  .063 

18. 95  ±a  44 
i8.43±  .37 

8.97±  .21 
ia83±  .21 

32.26±   .84 

3i.o7±  .69 

12. 10  ±  .  32 
i3.663±  .34 

I4OW  ears 

Circumference   of   ear,    in 
inches: 
High  ears 

Low  ears 

Weight  of  ear,  in  otmces: 
High  ears 

Low  ears 

Bows  of  kernels  on  ears: 
High  ears 

Low  ears 

CROP  OP  1914 


Length  of  ear,  in  inches: 

High  cars 

Low  ears 

Circumference  of  ear,  in 
inches: 

High  ears 

Low  ears 

Weight  of  ear,  in  ounces: 

High  ears 

Low  ears 

Bows  of  kernels  on  ears: 

High  ears 

Low  ears 

Length  of  ear,  in  inches: 

High  ears , 

Low  ears 

Circumference  of  ear,  in 
inches: 

High  ears 

Low  ears 

Wei^t  of  ear,  in  ounces: 

High  ears 

Low  ears 

Bows  of  kernels  on  ears: 

High  ears 

Low  ears 

Length  of  ear,  in  inches: 

High  ears 

Circumterence  of  ear,  in 
inches: 

High  ears 

Weight  of  ear,  in  ounces: 

High  ears 

Bows  of  kernels  on  ears: 

High  ears 


5.  581  ±0-035 

6.  410  ±  .  030 


5-594± 
5-992± 

5-49i± 
6. 105  db 

16. 35o± 
18. 992  ± 


017 
014 

053 
047 

07s 
075 


6.5 
7.0 


5-75 
6.0 

5.0 
6.5 

16.0 
z8.o 


X.  i49±o.o25 
1. 183  db  .022 


.536±  .012 
.540±  .009 

i.6o5±  .038 
1.669^:  .033 


2.098± 
2.  5io± 


053 
053 


aa588dba46 
i8.456±  .35 


9-5^*=t  •" 
9.  oi2±  .  17 

a9-a3o±  -35 
27.338^  -35 

12. 832  ±  .33 

13.  2*l6±    '2$ 


CROP  OP   19 1 5 


6. 693  ±a  034 
7'3^S±  -032 


5.963^ 
6.787± 


015 
0x7 


6.99i±  .063 
9.34i±  -065 

17. 328±  .072 
19.  992d:  .084 


$•5 

8.0 

6.0 

6.75 

8.0 

lao 

16.0 

2a  0 

I.  x37±ao24 
I.  iSx±  .023 


.486^:  .0x1 
.590±  .012 

i.946±  .045 
2.  I78±  .046 

2.  28o±  .051 
2.874±  .059 


i6.990±a37 
x5.7io±  .33 

8.  iso±  .  18 
8.690±  .17 

27.840^:  .69 
a3.320±  .53 

X3.  ijoi  .  30 
X4.38o±  .30 


CROP  OP  i9i6« 


5.399^0.039 

5-5 

5.  i78±  .  0x4 

5«5 

4.22xi:  .058 

4.0 

16.  631  ±  .090 

x6.o 

X.  147  ±a  028 

.465^  .0x0 
X.  5xx±  .04X 
2.075±  -063 


2X.  24±a  54 

8.99±  .30 

35-79±i<^ 
i2.48±  .39 


a  No  data  on  low  cub  in  19x6. 
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SUMMARY 
IHB  POUR  STRAINS  WITH  RESPECT  TO  CHEMICAL  COMPOSITION 

(i)  It  is  found  that  four  distinct  types  of  com  as  regards  length, 
drciunferenee,  weight  of  ears,  and  number  of  rows  of  kernels  on  ears 
are  90  well  established  that  we  may  assign  orders  of  values  to  the  means 
of  these  characters  that  persist  with  but  few  exceptions  in  such  changes 
of  environment  as  have  been  experienced  in  11  years  of  planting,  from 
1905  to  1915. 

(2)  WhOe  a  few  slight  but  significant  progressive  changes  have  been 
nted,  the  selections  for  chemical  composition  from  1905  to  191 5  have 
ast  changed  decidedly  the  differences  in  mean  values  of  these  characters. 
In  foot,  we  are  unable  to  assert  with  any  high  degree  of  probability  that 
tk  strains  differ  more  or  less  with  respect  to  tJiese  characters  during 
tiie  second  half  of  the  period  1905  to  1915  than  during  the  first  half. 

(3)  The  standard  deviations  of  the  strains  do  not  differ  nearly  so 
smdi  compared  to  their  probable  errors  as  do  the  means,  and  it  is  not 
in  general  nearly  so  easy  to  discriminate  among  strains  by  the  differ- 
ences of  standard  deviations  as  by  the  use  of  means.  There  is  one  marked 
ez£q)tion  to  this,  in  that  we  easily  distinguish  high-protein  and  high-oil 
from  km-protein  and  low-oil  strains  by  the  differences  in  the  standard 
deviations  in  weights  of  ears. 

(4)  No  progressive  change  of  consequence  has  taken  place  in  standard 
deviations. 

(5)  The  coefficients  of  variability,  in  comparison  to  their  probable 
errors,  differ  still  less  in  a  given  season  than  the  standard  deviations, 
and  there  is  no  very  general  tendency  for  the  coefficients  of  variability 
to  maintain  a  definite  order  of  values.  That  is  to  say,  the  differences 
of  coefficients  of  variability  of  the  four  strains  seem  to  be  fairly  well 
described,  with  certain  exceptions  noted  in  the  paper,  as  random 
bctnations. 

TWO-EAR  STRAINS 

(6)  The  upper  ears  have  a  significantly  larger  mean  value  in  length, 
idght,  and  circumference  than  have  the  lower  ears  on  the  same  stalks. 

(7)  The  means  with  respect  *to  weight,  length,  and  circumference  of 
single  ears  are  in  each  case  larger  than  the  corresponding  means  for  the 
lower  ears  of  the  same  plot.  The  means  with  respect  to  weight  and 
ciieumference  are  also  in  general  larger  than  these  means  for  upper 
ears  of  the  same  plot.  However,  strange  as  it  may  appear,  the  mean 
lengths  of  single  ears  are  on  the  whole  less  than  those  of  upper  ears. 

(8)  A  striking  fact  in  the  comparison  of  the  single  ears  with  the  upper 
^  kmer  ears  is  the  greater  standard  deviation  in  the  weight  of  single 
eais. 
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ERECT-   AND  I^CUNING-EAR  STRAINS 

(9)  Taken  as  a  whole,  there  are  no  significant  differences  in  these 
two  strains  with  respect  to  the  characters  considered.  In  view  of  the 
suggestion  that  ears  are  declining  because  of  their  greater  weight,  it  is  a 
fact  of  special  interest  that  the  declining  ears  are  not  on  the  whole 
heavier  than  erect  ears. 

HIGH-  AND  U>W-EAR  STRAINS 

(10)  The  ears  of  the  low-ear  strain  are  on  the  whole  significantly 
larger  in  mean  length,  drcumference,  and  weight  than  thos^  of  the 
high-ear  strain,  but  there  are  a  few  exceptions.  In  each  of  the  eight 
years  considered  the  mean  number  of  rows  of  kernels  on  ears  is  larger 
for  the  low-ear  strain  than  for  the  high-ear  strain. 

(11)  The  standard  deviation  of  number  of  rows  of  kernels  in  each 
year  is  distinctly  greater  for  the  low  ears  than  for  the  high  eats,  and  the 
standard  deviation  of  circumstance  of  ears  is  in  general  larger  for  the 
low-ear  strain  than  for  the  high-ear  strain. 
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ON  THE  DIRECT  DETERMIN 
HYGROSCOPIC  COEFFICIENT 

VAY,  CkUf  of  Division  of  Soils,  AgricuUur 
innesota,  Millard  A.  KuNB,  formerly  Assii 
al  Experiment  Station,  and  GuY.R.  McDoLi 
nent  Station,  University  of  Minnesota 

INTRODUCTION 

eflfident  expresses  the  percentage  of  m 
in  a  dry  condition,  has  been  brought  i 
;  at  a  constant  temperature,  and  allow< 
uilibrium  with  this  atmosphere  has  b< 
15,  p.  196).'  It  has  a  twofold  signif 
lued  expression  of  the  relative  finenes 
«)il-moisture  studies,  permitting  the  i 
dmum  amotmt  of  water  available  for 
of  life  in  the  case  of  ordinary  crop 
lie  total  amount  of  water  and  the 

mes  made  (20,  p.  209)  of  confusing  M 
th  the  hygroscopic  coefficient  as  ab( 
lined  by  allowing  the  exposed  soils  U 
tmosphere  in  contact  with  a  10  per  cei 
6)  instead  of  with  water,  Mitscherlich  I 
Hilgard's  method  gives  results  much 
nsation  of  moisture  on  the  exposed  s 
obtained  by  his  method  are  much  lo^ 
ts,  although  either  will  serve  to  indies 
id  fineness  of  texture  of  the  samples, 
ermination  of  the  hygroscopic  moistui 
)sed  freely  side  by  side  to  the  air  of 
(4»  P-  35i)>  OT  that  of  the  moistun 

M)pic  coefficient"  was  introduced  by 

early  as  1859  he  had  developed  the  m< 

le  continued  to  use  for  more  than  50  yti 

;  to  the  date  mentioned,  as  the  hygros 

ytt  was  carried  out  in  19x0  to  19x3  at  the  Nebiaska  Africul 
s,  xespectzvdy,  Chemist.  Asfistant  in  Chemistry,  and  R 

tr  to  "Literature  dted."  p.  165-166. 

1,  \ 

0 

(147) 
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t  X®  C,  X  being  the  temperature  at  which  the  absorptioi 
L  exposed.  The  conception  of  making  such  a  determina 
iginate  with  Hilgard,  but  with  Schiibler  as  early  as  1830 
^  p.  80)  of  the  latter,  however,  did  not  insure  the  absorp 
dmum  amotmt  of  moisture,  too  thick  a  layer  of  soil  bein| 
ard's  method  is  a  refinement  of  that  of  Schtibler,  provid 
r  humidity  of  the  atmosphere,  a  shallower  layer  of  soil 
I  a  more  rapid  saturation,  and  lastly  the  avoidance  o 
temperature,  which  cause  a  precipitation  of  dew  upoi 

3pic  coefficient  of  soils  has  been  but  rarely  determinec 
\t  40  years,  although  during  the  previous  four  or  fivi 
received  considerable  recognition.  In  the  early  days  0 
»n  undue  importance  was  attached  to  the  relative  absorb 
K)ils  with  respect  to  atmospheric  moisture,  it  being  sup 
served  to  some  extent  as  an  index  of  fertility.  Thus 
4)  states: 

d  the  absorbent  power  of  many  soils  with  respect  to  atmoqxherii 
ive  always  found  it  greatest  in  the  most  fertile  soils:  so  that  it  afford 
[ging  of  the  productiveness  of  land. 

idered  that  in  the  case  of  soils  with  a  high  hygroscopi< 
ts  were  supplied  with  moisture  in  periods  of  drouth,  thi 
¥er  of  the  soil  enabling  it  to  render  the  water  of  the  atmos 
to  the  plants  (9,  p.  183).  Schiibler  accepted  the  secom 
's  but  not  the  first,  mentioning  (27,  p.  82)  that  he  hsu 

ly  absorbs  in  12  hours  .   .  .  more  than  the  very  fertile  gardei 

B)  also  accepted  Davy 's  view  as  to  the  value  of  the  moist 
om  the  air,  and  it  continued  to  be  indorsed  by  the  fore 
ors  imtil  1875,  when  the  work  of  Sachs,  Wilhelm,  Reisler 
(layer  finally  proved  the  falsity  of  it.  The  reaction  frorc 
arried  to  the  opposite  extreme,  and  it  became  almost 
epted  that  a  knowledge  of  the  hygroscopic  power  ol 
s  practically  valueless.  Apparently  the  question  of  the 
knowledge  of  the  relative  hygroscopidty  of  a  soil  was 
the  distinct  question  of  the  usefulness  to  plants  of  the 
isture.  Mayer  appears  largely  responsible  for  this  con- 
I  (21,  p.  130)  he  fully  indorsed  the  older  view: 

power  of  the  soil  for  water  ...  is  under  all  circumstances  a  us^ul 
becomes  active  only  when  there  is  an  actual  scarcity  of  water  in  the 
a  regulator  .  .  .  The  water  thus  condensed  in  porous  solid  bodies 
ictly  like  other  capillary  held  water  and  can,  for  example,  when  a 
3  way  condensed  water,  be  taken  up  by  a  plant's  roots  just  like  that 
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wliich  has  entered  the  small  interstices  of  the  soil  from  the  rain  or  by  watering. — 
Translation. 

Four  years  later,  having  completed  his  proof  of  the  falsity  of  this  view, 
he  strongly  discouraged  determining  the  hygroscopidty  of  soils  on  the 
ground  that  it  would  cause  confusion  if  very  hygroscopic  soils  were 
indicated  as  retentive  of  an  especially  high  percentage  of  water  in  a  non- 
available  form,  when  this  was  not  an  actual  disadvantage,  for  the  reason 
that  the  most  hygroscopic  soils  were  the  very  ones  that  were  able  to  hold 
the  largest  amounts  of  total  water  (22,  p.  248): 

By  a  remarkable  coincidence  the  most  strongly  condensing  soils  usually  are  those 
with  the  highest  water  capacity  and  it  would  probably  only  cause  confusion  if  we 
lere  to  mark  these  soils  with  a  blemish  in  regard  to  the  supply  of  water  on  account  of 
inot  very  productive  correction. — Translation. 

However,  he  still  clearly  recognized  that  the  amotmt  of  water  remain- 
ing in  a  soil  on  the  wilting  of  a  plant  was  closely  related  to  the  maximum 
amount  of  moisture  which  the  soU  was  able  to  absorb  from  a  nearly  satu- 
rated atmosphere. 

During  the  last  quarter  of  the  nineteenth  century  Hilgard  and  Lough- 
ik^  appear  to  have  been  the  only  investigators  who  continued  to  attach 
any  importance  to  the  determination  of  the  hygroscopic  coefficient  in 
connection  with  soU-moisture  studies.  The  general  attitude  of  soil  inves- 
tigators during  that  period  is  well  illustrated  by  the  numerous  publica- 
tions of  one  of  the  foremost,  the  late  Dr.  F.  H.  King,  in  which  the  deter- 
mination, the  importance,  and  the  use  of  the  hygroscopic  coefficient  are 
ignored. 

At  the  b^;uming  of  the  present  century  Mitscherlich  began  to  call 
attention  to  the  importance  of  the  relative  hygroscopidty  of  soils  (23) 
to  which  he  attached  extreme  importance.  In  Europe  the  importance 
of  a  knowledge  of  the  hygroscopidty  of  soils  is  still  practically  ignored 
except  by  Mitscherlich  and  by  Hall  (11,  p.  84-88). 

Naturally,  tmder  such  drcumstances,  the  particular  method  developed 
by  Hilgard  recdved  little  critical  consideration.  It  appears  that  no  one 
except  himself  had  investigated  the  method  with  the  object  of  determin- 
ing the  experimental  errors  involved,  previous  to  our  beginning  the  use 
of  it  on  an  extensive  scale  for  the  interpretation  of  field-moisture  data. 
We  had  originally  no  intention  of  stud3dng  the  method  itself,  and  our 
observations  have  resulted  from  difficulties  encountered  in  its  use,  part 
d  them  due  to  attenipts  to  expedite  the  determination  without  lessening 
its  accuracy. 

Lipman  and  Sharp  (18),  while  associated  with  Hilgard,  studied  the 
effect  (rf  a  rise  or  fall  of  the  temperature  and  also  of  the  thickness  of  the 
exposed  layer  of  soil  upon  the  amount  of  hygroscopic  moisture  absorbed. 

Briggs  and  Shantz  (8,  p.  64)  studying  the  relationship  between  the 
moisture  equivalent  and  the  hygroscopic  coeffident  found  that  the  deter- 
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mination  of  the  latter  "unless  carried  out  with  special  precautions,  is  not 
very  exact." 

HILGARD'S  METHOD 

Details  of  this  were  published  earliest  by  Loughridge  (19),  who  had  been 
a  student  tmder  Hilgard  at  the  University  of  Mississippi.  Later  (14, 
p.  76)  it  was  described  by  the  latter  as  follows: 

The  fine  earth  is  exposed  to  an  atmosphere  saturated  with  moisture  for  about  twelve 
hours  at  the  ordinary  temperature  (60^  F.)  of  the  cellar  in  which  the  box  should  be 
kept.  For  this  it  is  sifted  in  a  layer  of  about  i  mm.  thickness  upon  glazed  paper,  on. 
a  wooden  table  in  a  small  water-tight  covered  box  (12  by  9  by  8  inches)  in  which  there 
is  about  an  inch  of  water;  the  interior  sides  and  cover  of  the  box  should  be  lined  with 
blotting  paper,  kept  saturated  with  water,  to  instue  the  saturation  of  the  air.  .  .  . 

After  eight  to  twelve  hours  the  earth  is  transferred  as  quickly  as  possible ,  in  the  cellar, 
to  a  weighed  dr3ring-tube  and  weighed.  The  tube  is  then  placed  in  a  parafim  bath ,  the 
temperature  gradually  raised  to  aoo®  C.  and  kept  there  ao  to  30  minutes  (rapidity  of 
raising  temperature  depending  upon  the  amount  of  moisture  in  the  soil),  a  current 
of  dry  air  passing  continually  through  the  tube.  It  is  then  weighed  again,  and  the 
loss  in  weight  gives  the  hygroscopic  moisture  in  saturated  air. 

Some  time  later,  to  avoid  the  decomposition  of  the  organic  matter  of 
surface  soils,  Hilgard  modified  the  method  to  the  extent  of  using  an  air 
bath,  raising  the  temperature  to  only  iio^  C,  keeping  the  sample  in  for 
an  hour,  weighing,  drying  again,  and  continuing  the  process  tmtil  a  prac- 
tically constant  weight  was  obtained.^ 

Under  ''fine  earth"  was  included  the  material  finer  than  0.5  mm. 
resulting  from  the  sample  being  reduced  by  a  rubber  pestle,  instead  of  by 
one  of  steel  or  porcelain,  to  prevent  any  crushing  of  soil  particles.  He 
sometimes  digested  clayey  soils  with  distilled  water  until  fully  disin- 
tegrated, after  which  the  muddy  water  was  evaporated  with  the  soil 
slush  and  the  whole  thoroughly  mixed.  As  the  determination  of  the 
hygroscopic  coefficient  was,  with  Hilgard,  almost  always  incidental  to  a 
chemical  or  physical  analysis  of  the  soil,  this  rather  tedious  preliminary 
preparation  of  the  sample  was  no  serious  matter  in  view  of  the  great 
amotmt  of  time  and  labor  involved  in  the  detailed  anal3rses  to  follow. 

Hilgard  studied  the  effect  of  differences  in  temperature  upon  the  amount 
of  moisttue  absorbed  by  a  soil  and  found  that  it  increased  with  the  tem- 
perature, provided  that  the  saturation  of  the  air  was  maintained.  In 
this  view  he  was  not  confirmed  by  the  work  of  Knop  (16),  Schloesing 
(26),  Ammon  (6),  and  Von  Dobeneck  (10),  who  found  a  lower  absorption 
at  higher  temperatures.  He  attributed  their  findings  to  their  failure  to 
provide  for  the  saturation  of  the  air  inclosed  within  the  absorption 
vessel. 

More  recently  Patten  and  Gallagher  (25,  p.  31-35)  have  reported  some 
data  confirming  the  view  of  Knop,  etc.,  but,  as  Lipman  and  Sharp  have 
pointed  out  (18,  p.  716),  their  description  of  their  methods  makes  it  evident 

1  HnoAKD,  B.  W.   Mbthods  or  phybicai.  and  cskmicai,  soil  anai,tsi8.   CaL  Agr.  Bzp.  Sta.  Circ  6. 
p.  17.    1903. 
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that  the  conditiotis  of  their  experiments  were  not  such  as  to  msure  that 
the  exposed  soils  became  saturated  with  hygroscopic  moisture.  The 
work  of  Patten  and  Gallagher  (25),  confirming  that  of  the  earlier  investi- 
gators mentioned,  has  unfortunately  had  the  effect  of  leading  to  the  gen- 
erally accq>ted  view  that,  in  his  conclusions,  Hilgard  was  in  error  (20, 

p.  367). 

WORK  OF  LIPMAN  AND  SHARP 

As  a  reply  to  the  criticisms  of  Patten  and  Gallagher,  Lipman  and  Sharp 

(18)  report  a  study  of  the  effect  of  the  thickness  of  the  layer  of  exposed 

ami  and  of  the  temperature  of  exposure,  using  boxes  12  by  18  by  19 

mcfaes,  similar  to  those  employed  by  Hilgard  in  his  later  work  (15,  p.  198), 

bnt  kmgsT  and  wider  than  those  mentioned  in  the  above  quotation  (14, 

p.  76).    They  also  used  glazed  paper  placed  on  wooden  tables  with  the 

tops  only  i  inch  above  the  surface  of  the  water.    They  compared  three 

dqyths  (1.5, 4,  and  8.5  mm.)  of  an  adobe  soil  exposed  for  various  intervals, 

milling  from  1.5  to  455  hours,  and  at  temperatures  from  12®  to  34.75  ^. 

With  two  other  soils  the  periods  of  exposure  were  quite  similar,  but  the 

range  in  temperature  was  less,  while  the  thickness  of  the  soil  layer  did  not 

exceed  2  mm. 

Upman  and  Sharp  found  in  general  that  a  greater  amount  of  moisture 
was  absorbed  at  the  higher  temperatures,  and  emphasize  the  necessity  of 
using  very  thin  layers  of  soil,  having  found  about  i  mm.  the  best.  They 
oondude  that  8  to  10  hours'  exposure  of  air-dried  soils  is  sufficient  when 
the  depth  of  the  layer  is  only  i  mm.  and  the  boxes  are  of  the  dimensions 
they  used.  They  call  attention  to  the  difficulty  of  securing  the  saturation 
of  the  air  at  any  considerable  distance  from  the  water  surface. 

These  authors  mention  that  duplicate  samples  agreed  remarkably 
well.  However,  if  they  were  run  side  by  side,  this  agreement,  as  pointed 
oat  below,  does  not  serve  as  evidence  of  the  accuracy  of  the  determination. 

EXPERIMENTAL  WORK 

Two  of  us  had  previously  (i,  p.  590;  2;  5,  p.  277-281)  employed  the 
method  cm  a  very  limited  scale,  using  an  improvised  place  for  the  absorp- 
tioa  boxes.  We  found  the  loose  sheets  of  glazed  paper  so  inconvenient 
that  we  introduced  a  modification  that  greatly  facilitated  the  work, 
substituting  light  pasteboard  trays  7  inches  long,  5  inches  wide,  and  0.75 
inch  high,  Un^  with  glazed  paper.  On  starting  the  determinations  at 
the  University  of  Nebraska  we  again  used  this  modification,  having  had 
a  large  supply  of  the  pasteboard  trays  lined  with  the  glazed  paper  manu- 
factured by  a  local  box  company.  As  these  one  by  one  became  somewhat 
fimp  from  exposure  to  the  damp  atmosphere  maintained  in  the  absorp- 
tion boxes,  they  were  discarded  and  new  ones  substituted. 

We  used  wooden  boxes  of  the  dimensions  given  by  Hilgard,  lining  both 
the  boxes  and  the  covers  with  bbtting  paper  as  spedfkd.  To  prevent 
the  warping  of  the  sides  and  cover,  it  was  found  desirable  first  thoroughly 
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1  these.  To  prevent  leakage  of  water  a  galvanized-iron  tra} 
les  high  and  made  to  fit  snugly,  was  placed  in  the  bottom  of  th 
yx,  the  blotting  paper  extending  from  the  top  of  the  sides  of  th 
ox  to  the  bottom  of  the  metal  tray.  By  means  of  metal  suf 
K>den  table  was  held  in  position  i  to  2  inches  above  the  surfac 
:er  and  from  0.5  to  i  inch  from  each  paper-lined  side  of  the  boj 
er  determinations  a  table  of  galvanized-wire  screen  was  subst: 
it  occupied  less  space. 

/ide  a  constant  temperature  room,  we  inclosed  with  altemat 
building  paper  and  boards  a  portion  of  the  cellar  of  the  Bxperj 
jon  building  that  was  windowless  and  not  in  contact  with  an 
all.  An  electric  light  on  the  outside  of  a  double  window  fui 
t  necessary  illumination  without  heating  the  room.  The  opei 
ed  and  closed  the  door  as  quickly  as  possible  on  entering  th 
y  to  change  the  soil  in  the  trays.  A  maximum  and  minimur 
^ter  was  hung  in  the  room,  and  the  daily  readings  were  recorded 
ecording  hygrometer  was  added.  No  sudden  changes  in  ten 
)r  humidity  were  observed. 

mployed  24  absorption  boxes,  which  were  placed  on  low  shelve 
le  heavy  inside  brick  wall.  From  the  first  we  had  exposed  sam 
ro  control  soils  in  different  absorption  boxes.  At  first  the  ot 
s  was  to  find  the  variation  in  the  coefficient  of  the  same  soil  f  roi 
ly,  but  later  to  indicate  whether  any  abnormal  conditions  ha 
in  the  room,  the  boxes,  or  the  drying  oven.  Of  the  two  contrc 
on  the  same  day  the  one  was  a  subsoil  with  a  coefficient  c 
0  6,  while  the  other  was  a  finer-textured  soil  or  subsoil  with 
:  between  10  and  22.  The  two  control  soils  were  exposed,  eaci 
Lte,  from  day  to  day  along  with  a  large  ntunber  of  the  sample 
estigation,  the  latter  also  being  in  duplicate.  The  time  of  ex 
ried  from  15  to  16  hours,  the  boxes  being  filled  at  4  or  5  o'docl 
imoon  and  opened  shortly  after  8  o'clock  on  the  following  morn 
:  results  both  with  the  duplicates  exposed  on  the  same  day  an< 
controls  from  day  to  day  were  so  concordant  that  the  metho< 
»ted  as  reliable,  and  some  2,000  determinations  were  thus  made 
ot  suspect  the  unreliability  of  the  results  until,  through  fora 
stances,  one  set  had  to  be  left  in  the  boxes  for  48  hours.  Oi 
lese  samples  it  was  found  that  the  two  control  soils  had  ab 
uch  more  moisture  than  on  any  previous  occasion.  We  thei 
ed  the  cause  of  this  and  finally  discarded  all  the  data  and  mad( 
minations.  It  was  while  trying  to  devise  such  modifications  oi 
>d  described  by  Hilgard  as  would  permit  the  large  number  oi 
itions  in  connection  with  our  field  moisture  studies  being  made 
'  as  possible  without  lessening  the  accuracy  that  we  secured  the 
rted  below  on  the  influence  of  the  material  of  the  trays,  the 
he  temperature,  previous  drying,  etc. 
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RAPID  LOSS  OF  HYGROSCOPIC  MOISTURE 

When  sofls  carrying  the  maximum  amount  of  hygroscopic  moisture — 
that  is,  an  amount  equal  to  the  hygroscopic  coefficient — are  exposed  to  an 
ordinarily  dry  air,  they  lose  water  at  first  as  rapidly  as  though  placed  in  a 
desiccator  containing  sulphuric  add.  This  makes  it  important  that  the 
transfer  of  the  exposed  soil  from  the  trays  to  the  weighing  bottles  should 
be  made  as  rapidly  as  possible. 

Fifty-gm.  portions  of  two  soils,  A  and  B,  which  had  pre\aously  been 
exposed  in  hygroscopic  boxes  until  the  moisture  content  was  approxi- 
mately equal  to  the  hygroscopic  coefficient  were  placed  in  each  of  10 
leigfaing  bottles.  The  depth  of  soil  was  about  5  cm.  Five  bottles  of 
eadi  were  placed  in  a  desiccator  containing  concentrated  sulphuric  add, 
while  the  other  five  were  exposed  on  a  shdf  in  the  laboratory.  All  were 
weighed  at  intervals  until  those  of  the  latter  set  ceased  to  lose  wdght, 
four  weeks  being  necessary.  Those  in  the  desiccators  were  exposed 
neaily  five  months  longer,  and  at  the  end  of  this  time  they  were  dmost 
oven-dry.  The  changes  in  the  case  of  the  individual  members  of  each  of 
the  four  sets  were  so  similar  that  only  the  averages  need  be  reported 
CTable  I).  In  a  similar  desiccator  containing  sulphuric  add  and  in 
weighing  bottles  of  the  same  kind  we  exposed  distilled  water.  The  loss 
of  water  between  February  12  and  March  19  amounted  to  about  45  gm., 
or  90  per  cent  of  the  weight  of  soil  A  contained  in  similar  weighing  bottles. 

Tabus  I. — Percentage  of  water  in  so-^m,  portions  of  soils  exposed  to  the  air  of  the  labor^ 
aiory  compared  with  that  in  a  desiccator  with  sulphuric  acid 


SoUA. 

SoUB. 

Date. 

Exposed 
to  air. 

Indcsio 
cator. 

Exposed 
to  air.  • 

Indesicy 
cator. 

I^b.  12 

5.26 
a.  27 
1.60 

1.79 
1.82 

5.26 
2.45 

.96 
.61 
.44 

.40 
•25 
.  12 

11.00 
6.18 
4.07 
4.09 
4.17 

II.  00 

18 

6.70 
4.04 
2.9s 
I.  91 

1.49 

26 

Ifar.   s 

^■"*    J 

10 

w.  J 

^  I::::::::::::::.:.:::::::::.:.:.:::. 

Ibpr  ax, 

T^y  ** 

hat,  10. 

•43 

At  the  end  of  two  weeks  both  soils  appeared  to  have  reached  equi- 
fibrinm  with  the  air  of  the  laboratory. 

In  the  case  of  the  absorption  boxes  and  trays,  an  operator,  after  a 
fittle  practice,  will  be  able  to  open  a  box,  transfer  the  samples  from 
the  two  trays  to  weighing  bottles,  and  stopper  these  within  the  space  of 
to  seconds. 


Digitized  by 


Google 


Digitized  by 


Google 


Oct.  J 


,X9X7    Direct  Determination  of  the  Hygroscopic  Coefficient        155 


Tabi^  III. — Comparison  of  trays  of  different  materials  in  the  determination  of  the 

hyi 


hygroscopic  coefficient 


Material  ol  tray. 


Hygroscopic  coefficients  found  after— 


94  hotUB*  exposure. 


SoilC. 


Soil  A.   SoUP.   SoUG. 


hours 
ex- 
posure. 


SoUG. 


Tisteboard  lined  witli  glazed  paper 

hnffined  pasteboard  lined  with  glazed  paper  . . . 
Ftoaffined  pasteboard  sides,  but  no  bottom,  lined 

with  glazed  paper 

GIms 


0.6 

•7 


4-5 
5.1 


17-7 
17.9 


18.2 


20.3 
19.4 


16.6 
17- 4 


19.2 


17.9 
17-7 
17.7 


20.0 
19.  2 
19-5 


19-7 
18.9 
19.9 


in  Table  III  show  that  any  of  the  materials  men- 
ksteboard,  may  safely  be  used.  Even  the  trays  with 
1  sides,  but  with  only  a  glazed  paper  bottom,  appear 

amount  of  moisture  absorbed  by  the  soils  when 
ler  in  the  pasteboard  trays  with  pasteboard  bottoms 
the  competition  of  the  pasteboard,  which,  itself,  is 
K)rbs  moisture  from  a  saturated  atmosphere.  The 
s  obtained  with  the  glazed  paper  used  in  parafiKned 
ly  be  due  to  the  competition  of  the  lower  unglazed 
I  paper,  which,  when  placed  directly  upon  the  table 
X  is  able  to  absorb  moisture  from  the  air  reaching  it 


r 
/ 


ion  with  hygroscopic  moisture  is  practically  com- 
\  hovas  with  all  the  trays  except  those  of  pasteboard 
le  failure  of  the  soil  G  to  absorb  additional  moisture 
hours.  All  the  samples  of  this  soil  were  placed  in  the 
t  the  same  time,  but  part  were  removed  at  the  end 
During  the  first  day  the  temperature  in  the  hygro- 
1  17°  to  16°  C.  and  during  the  next  day  from  16®  to 


►late  readily  rusted,  and  those  of  zinc  soon  corroded 
hat  the  soil  adhered.  On  the  whole,  those  of  alu- 
^ere  found  the  most  satisfactory,  and  in  our  later 
3  made  of  the  former  metal,  with  the  dimensions 
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In  the  case  of  one  of  the  control  soils,  I,  the  values  shown  in  Table  V 
were  obtained  by  24  hours'  exposure  at  different  temperatures.  Another 
control  soil,  A,  was  used  in  both  summer  and  \vinter.  Higher  values 
(Table  VI)  were  found  during  the  warmer  weather.  When  any  distinct 
change  was  caused  by  an  elevation  of  the  temperature,  it  appeared  in  al| 
cases  to  be  an  increase  rather  than  a  decrease  in  the  amount  of  moisture 
absorbed.  This  is  in  accordance  with  the  conclusions  of  Hilgard  and  of 
Ijpman  and  Sharp. 

Table  V. — Influence  cf  the  temperature  upon  the  amount  of  moisture  absorbed  by  Soil  I 


Dirte. 


ba.  17-18 

Feb.  27-28 

Feb.  29-Mar.  I . . 


Temperature. 


Maxi- 
mum. 


•c. 

21.  5 
16.  o 

14.5 


Mini- 
mum.* 


21 
12 


Hygroscopic  coefficient. 


Deter- 


Deter- 

mina- 
tion  a. 


24.0 
2a  7 
19.7 


22.3 
2a  4 
19.  6 


Deter- 
mina- 
tion 3. 


24.7 

2a  2 


Deter- 
mina- 
tion 4. 


^S'3 


Aver- 
age. 


24.1 
2a  4 
19.  6 


Tabus  VI. — Concordance  cf  values  found  on  successive  days  for  the  hygroscopic  coefficients 

of  control  soils 


Dstc 


Temperature 
of 


Maxi- 


Mini- 


Soil  A. 


Determination. 


Aver- 
age. 


SoUB. 


Dctenninatioa. 


Aver- 
age. 


ja.  22. . 

23  - 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
P*.2     . 


Average. 


Jwiei2.. 

13  • 
14.. 

IS- 

x6.. 

17. 

19. 

20. 

21. 

»3- 


Aveiage. 


•C. 
16 
16 

17 
18 

19 
21 
21 
20 
20 
17 


•c. 
15 
15 
17 

z8 
z8 
16 
16 
16 
16 
15 


5.6 
5-9 

5-7 
5-5 
5-5 
5.6 
5.6 
5-5 
5.5 
5-9 


6.0 
5-9 


5.8 
S9 
5.7 
5-5 
55 


6.0 


la  2 

la  2 
la  4 
10.  o 
9.9 
10.  2 
la  o 
10.  I 
la  2 


la  o 
la  o 
10.  o 
la  o 
la  o 
9.9 


la  o 
la  o 
10.  4 


la  I 
laa 
10. 1 
10.  2 
10.  o 
9.9 
la  2 
la  o 
10.  o 
10.3 


5-7 


la  I 


Sou  A. 


Soil  I. 


22 
22 

23 
23 
23 
23 
22 

23 
23 


22 
21 

^3 
22 
22 
22 
22 
22 
22 
23 


5.9 

5-7 
6.3 
6.0 
6.2 
6.0 
6.0 
6.2 
6.  4 
6.4 


5-4 
5-9 
6.  I 

6.4 
6.3 
6.3 
5.8 
6.  I 


5.6 

5.8 
6.2 
6.2 
6.2 
6.1 

5-9 
6.1 

6.4 
6.4 


2a  o 
2a  o 

21.  6 

22.  9 
22.  O 
23.0 
22.  O 

2a  4 

22.  O 

2a  O 


6.1 


2a  I 

20.  o 

21.  6 

22.3 

22.  5 
23.0 
22.  I 

2a  9 

22.  6 

21.4 


2a  o 
2a  o 

21.  6 

22.  6 
22.  2 
23.0 
22.  o 
2a  5 
22.3 
2a  7 


21-5 
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EFFECT   OF   GREAT  FI.UCTUATIONS   IN  THE  TEMPERATURE   OF  THE   ROOM 

To  obtain  some  idea  as  to  how  great  a  fluctuation  in  temperature  is 
permissible  we  exposed  soil  F  f or  17  hours  simultaneously  in  a  labora- 
tory and  in  a  greenhouse  as  well  as  in  the  basement  room  used  regularly 
for  such  work.  In  the  plant  house  where  the  range  of  temperature  was 
greatest  the  amount  of  moisture  absorbed  (Table  VII)  was  the  highest. 
In  the  laboratory  where  the  temperature  was  much  higher  during  the 
day  than  during  the  night  the  amount  of  moisture  absorbed  was  lower 
than  in  the  constant  temperature  room. 

Table  VII. — Influence  of  variations  in  the  temperature  oj  the  room  of  exposure  upon 
the  amount  of  moisture  absorbed 


Hyfrascoptc  oocfficimt. 

t>eteniiiiuitkm. 

Inconstant 

tempcfature 

roomCzx* 

to  ix'fc.). 

Inlabontory 
(9"tox6*C.). 

(a3*^tot9*C). 

I 

17-4 
17.0 

16.5 
16.5 

19-7 
^0.  I 

2 

EFFECT  OF  OVEN  DRYING 

In  field  moisture  studies  it  is  usually  much  more  convenient  to  deter- 
mine the  total  moisture  content  of  the  sample  and  then  to  use  a  portion 
of  this  dried  material  for  the  determination  of  the  hygroscopic  coefficient 
than  to  air  dry  a  portion  of  the  original  sample.  If  the  previous  drying 
should  appreciably  alter  the  value  of  the  coefficient,  it  would  become 
necessary  to  air  dry  a  separate  portion  of  the  sample. 

With  four  subsoils  (Table  VIII)  we  determined  the  coefficient,  using 
the  air-dried  form  of  each,  as  well  as  portions  dried  at  100*^,  no®,  150®, 
and  175*^  C. 

Tabi<E  VIII. — Effect  of  drying  soils  at  different  temperatures  previous  to  their  exposure 

in  the  absorption  boxes 


Hygroscopic  coefficient. 

SoiL 

AiiHlried. 

Dried  ftt 
xoo'C. 

Dried  ftt 
iio'C. 

Dried  At 
iSo'C. 

Dried  at 
X7S*C. 

A                 

11 

12.0 
22.3 

0.7 

5-2 

12.  I 
21.3 

0.7 
5-4 

c 

5.3 
II.  6 

5-2 
II.  7 

T      .           

1::::::::  :::::;:;;:::::;:::::::: 

2a  8 
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The  above  would  indicate  that  in  the  case  of  a  mineral  subsoil  a  tem- 
perntme  as  high  as  175^  C.  may  be  permissible.  If  the  subsoil  should 
be  one  containing  any  considerable  amotmt  of  organic  matter,  such  a 
temperature  should  not  be  employed,  but  one  of  105^  to  iio^  C.  we 
found  to  have  no  distinct  influence  upon  the  values  found  for  silt-loam 
smfoce  soils  containing  2  per  cent  of  organic  carbon.  We  made  no 
e]q)eriments  with  peat  soils  or  with  mineral  soils  very  rich  in  organic 
matter. 

EFFECT  OF  GRINDING 

As  many  fine-textured  samples  when  first  removed  from  the  drying 
oven  are  so  bricklike  that  it  is  difficult  to  reduce  them  with  a  rubber  pes- 
tle so  that  they  will  pass  a  i-mm.  sieve  it  is  desirable  to  know  whether 
the  hygroscopidty  is  appreciably  increased  by  freely  grinding  them  in 
a  steel  mortar  until  they  will  pass  through  such  a  sieve.  The  samples 
we  used  were  four  control  soUs,  three  of  which,  unless  they  had  first 
been  moistened  and  then  oven-dried,  needed  no  grinding  to  pass  a  i-mm. 
sieve,  while  the  fourth  did  not  need  it  even  then.  A  portion  of  each 
was  ground  in  a  steel  mortar  until  it  passed  through  a  silk  bolting  doth 
with  openings  of  0.25  mm.  (Table  IX). 

TablB  IX. — Influence  cf  grinding  upon  the  amount  cf  moisture  absorbed 


Soil. 

Ungnmnd 

Finely  gfocmd 

(below  O.S5 

mm.). 

C 

a8 

5.8 
10.9 
22.0 

1-4 
5-7 

21.7 

A 

B 

I 

Only  in  the  case  of  the  very  coarse-textured  soil,  C,  which  in  practice 
would  not  need  grinding,  did  we  find  any  increase  in  the  hygroscopidty. 
If  a  ball  mill  were  employed,  the  reduction  in  size  of  partides  might 
easily  be  so  great  as  to  afifect  seriously  the  value  found. 

It  would  appear  that  the  dried  samples,  if  very  hard,  may  safely  be 
reduced  in  a  sted  mortar  until  they  pass  a  i-mm.  sieve. 

INPLUBNCE  OF  SIZE  OF  ABSORPTION  BOXES  AND  THE  NUMBER  OF  TABLES 

With  two  soils,  H  and  S,  larger  absorption  boxes  were  also  tried, 
these  being  lined  with  blotting  paper  as  with  the  smaller  ones.  We  used 
<^  23.25  inches  long,  16  inches  wide,  and  6.25  inches  high,  and  another 
12  inches  square  and  30  inches  high,  these  being  the  inside  dimensions. 
In  the  first  an  exposure  of  about  72  hours  was  necessary  to  bring  the 
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)  as  high  a  point  as  was  found  in  the  smaller  boxc 
s,  while  in  the  second  even  this  was  not  a  suffidentl 

tion  boxes  we  also  tried  using  two  tables,  one  place 
the  surface  of  the  water  and  the  other  2  inches  sti 
mer  four  tra3rs,  two  on  each  table,  cotild  be  place 
1  box.  In  all  cases  the  results  were  unsatisfactor 
fu  the  lower  table  absorbing  less  moisture  than  thos 


ANCE  OF  DETERMINATIONS  IN   PRACTICl 

the  variation  in  the  values  found  for 
'  is  afiforded  by  a  series  of  30  samples 
griments  (3,  p.  78-115).  On  four  cons 
m  was  made  on  each  (Table  X),  usin] 
rith  coefficients  of  6.1  and  14.2,  respecti 
IX  and  two  with  the  latter  were  expos 
that  the  values  obtained  for  the  diffe 
tr  day  by  day  and  that  the  control  1 
ind  in  general  the  magnitude  of  this 
i  the  highest  values  on  the  second  day 
while  on  both  the  third  and  the  foui 
n  either  of  the  previous  days.  Of  the 
St  values  on  the  second  day,  25  the  ne: 
ere  third  highest  on  the  third  day,  ai 
values  obtained  for  the  controls  on  the  \ 
^mmonly  found,  we  used  the  averages 
lays  for  the  30  other  soils  in  estimating 
97). 
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TablS  ^.—Concordance  cf  determinations  of  ike  hygroscopic  coefficient  on  successive  days 


Source  (Nebraska). 


Vepth. 


Hygroscopic  ooefiBdent. 


xstday, 


2d  day. 


3d  day. 


4thday. 


Aver- 
age. 


Watmeta. . 

Do... 

Do... 

Do... 

Do... 

Do... 
McOook... 

Do... 

Do... 

Do... 

Do... 

Do... 
Holdxege. 

Do... 

Do.. 

Do... 

Do... 

Do... 


Do. 

Do. 

Do 

Do 

Do 

Uncoln 

Do 

Do 

Do 

Do 

Do 

Oootiol  H,  detenninatioii 
Oootiol  H,  detenninatioii 
OoBtiol  H,  detennination 
Oootiol  K,  detennination 
CbBtnd  K,  detennination 


■iiimuni  tempetattue. 
Ififdfflum  tempefatuxe . 


FeeL 
I 

3 

3 
4 

I 

z 

2 

3 
4 
5 
6 

I 
a 

3 
4 

5 
6 

I 
3 
3 
4 

I 

I 
3 
3 
4 
5 
6 


10.  o 
10.4 
10.3 
10.3 

8.7 

9-7 

11.  o 
la  I 

9.4 

9-4 

9-4 

la  7 

13.  3 
13.  3 
II.  I 

lao 
lao 
ji.  I 
13- 7 

II.  6 
la  7 
ia9 
12.3 
IS- 5 
IS- 3 
IS- a 

14.  S 

o 

7 
6.3 

6.3 
14.8 


V 


10,  s 
10.  7 
10.  9 
10.7 
10.  3 
9.0 

10.  s 

11.  9 
ia9 

9.6 

9.6 

9-3 

II- S 

13- a 

13.8 

13.  O 
II.  I 
10.8 
13.  O 

iS-o 

13- o 
13.9 
II.  9 
II.  7 
13.7 
16.6 
16.0 
IS- 1 
14.7 
15.2 

2' 

^^ 
6.7 

iS-o 
IS-O 


9-4 

9.S 

10.0 

10.  2 

9-S 
8.8 

9S 

11.  I 
9.8 

Vs 

8.6 
lao 
II.  7 

13.  O 

10.6 

9.8 

9S 

II.  o 

13- a 

13.  O 

II.  6 
la  7 
10.3 
13.3 

14.6 
13- a 

13.6 
6.  z 
6.a 
6.1 

14.  a 
14.0 


9.0 

9S 

9-7 

10.0 

9.4 

8.5 

9-3 

ia8 

9S 

8.  a 

10-3 
II.  7 
II.  9 
ia6 

9.6 

10.4 
13-2 
II.  S 
II- S 

II.  o 

ia7 
13.  o 

14. 6 

13-3 
13.3 

6.0 
6.0 

14.3 
14.3 


9.6 

lao 

ia3 

10-3 

9-7 

8.7 

9.7 
II.  3 
la  z 

9.3 

9-1 

8.8 

10.6 

13.  3 

"•S 
II.  O 

la  I 

9.9 

II.  z 

13-7 
13.  a 
II.  9 
II.  z 

Z0.9 
13.3 
15.7 
IS- 1 
14.3 
13.8 
14.3 


23 

33 


24 

23 


33 
33 


23 
33 
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Table  XI. — Cancotdanoe  of  dngk  dsUrminaiion  qf  ihi  hygroscopic  coefidctU  made  on 
different  days  with  the  average  of  10  previous  aeterminatiotis^ 


Source  (Nebmka). 


Dnrth. 


Hygrotcopic  cocfficifiit. 


Atct- 
•geof 

ioi>rfr' 


detcr- 


IndividiaAl 


sitdfty.  addfty.  ^dday. 


eofindividiMl 
Average  of  xo  previoas 


Detx.   Dcts.   Dct.3. 


Waimcta 

Do 

Do 

Do 

Do 

Do 

McCook 

Do 

Do 

Do 

Do 

Do 

Hbldrege 

Do 

Do 

Do 

Do 

Do 

Hastings 

Do 

Do 

Do 

Do 

Do 

Lincoln 

Do 

Do 

Do 

Do 

Do 

Weeping  Water 

Do!;!!!!!!!!!!!!!;;;;; 

Do 

Do 

Do 

OontiDl  A,  Determination  i. 
Control  A,  Detennination  a . 
Contiol  A,  Determination  3 . 
Control  A»  average 


Mairimnm  temperature . 
Minimum  temperature. 


°C. 


FooL 

X 

2 

3 

4 
5 
6 

I 
a 

3 

4 
5 
6 

I 
3 
3 
4 
5 
6 
z 
3 
3 
4 


9.6 
9-7 
9-9 

ti 

lao 

lap 

lay 

9-7 

9.x 

9-x 

la  I 

XI.  3 

"•3 

xa3 

9.6 

9-4 
9.6 

11.  6 

12.  4 
XX.  X 

xa  7 
lay 

X3.0 

14.4 
X3.6 

X3.8 
X2.7 
X2.  X 

13-7 
13-9 
13- o 

13.6 

".5 


la  X 
ia2 

ia2 
lao 

8.3 

xa4 

9.6 

II.  X 

xa3 
9.2 

9-3 
xa9 

XX.  X 
XX.  o 
XI.  X 

xa3 

IO-3 
xa2 
X2.  6 

X3-3 
X2.3 

XX 
XX. 
X2.| 

X4.8 
16.2 
13. 6 

13.  S 

X2.  7 

"•5 

14.  S 

13- 6 
13.  2 

5-8 


!:l 


8.6 
9-1 
9-4 

|5 

&i 

9.8 

XX.  o 

9.9 

I' 

8.5 

II.  o 
X2.0 
X2.0 

9.6 

9-4 

X3.8 
13.  3 

XX.  8 

XI.  X 

xa  7 
"5 
14. 4 
14.5 
13- 5 

X3.  9 

"5 
12.3 

X0.8 
14. 3 
13.5 
13- 1 

13.6 

5- 5 
5-7 
5-7 
5-7 


9.3 

9-3 
9.3 

11 
7.8 

9-5 
xao 

9-9 

II 
II 

II.  9 
14.0 
xa3 

!i 

X3.  9 

XI.  5 

XX.  3 

xa8 

13.3 
X4.O 

13.8 

13.  7 
13.  O 
13.  X 
13.4 

13-4 
"•5 

13.  X 
II.  9 

5-5 
5-4 
5-5 


i.o 
.6 
.8 

.3 
x.o 
ao 
0.4 

-  .3 
.4 
.6 
.  X 
.3 
.8 

-  .  X 

-  .3 
•9 
.7 

:l 

X.O 

0-9 

li 

•9 
•3 

.6 

•7 
.0 

.4 

.8 

.4 
.6 
.6 

•5 


-as 

-  -5 


•7 
•3 
.0 

•  o 
•7 

Z.3 

.8 
•7 
.4 
.0 

•5 
.0 

•9 
•5 

•  z 
-  .3 

.3 

"2.9 

•  4 

.5 
•5 
.  X 


19 
17 


^2 
18 


19 
16 


Ol  X 

3 
5 


•7 
'5 
>4 
— a:x 
0.7 

^7 

•  s 
.0 

— r.x 

•  o 

«-3 
-0.9 

•  s 

•  z 

-  .9 

•  a 

•  z 
.8 

•  z 

-  -7 

•  o 

-  -3 

-  -5 

-  -5 

i:l 


a  The  data  in  italics  would  in  practice  be  rejected,  but  serve  to  illustrate  the  importance  of  duplicate 
detcrminatioos. 

Another  illustration  is  afiforded  by  the  data  in  Table  XI  on  distinct 
sets  of  samples  taken  from  the  same  localities  as  those  appearing  in  the 
preceding  table. 


Digitized  by 


Google 


Oct  M.  19X7  Direct  Determination  of  the  Hygroscopic  Coefficie^       163 

In  the  case  of  30  sets,  each  consistiiig  of  6  samples,  hygroscopic- 
coefficient  detenmnations  had  been  made  in  duplicate  on  each.  The  sets 
bad  been  taken  from  five  fields  at  each  of  six  different  places,  and  to 
secure  a  single  set  of  composite  samples  representing  each  area  we  mixed 
equal  weights  of  soil  from  the  corresponding  depths  of  the  five  fields, 
nuking  allowance  for  the  tmequal  amounts  of  hygroscopic  moisture  at 
the  time.  Accordingly  the  average  of  the  values  for  the  various  depths 
in  each  area  represents  the  mean  of  10  determinations.  These  data  are 
given  in  the  third  column  of  Table  XI.  Later,  samples  of  each  of  the  30 
composites  were  exposed  singly  on  three  consecutive  days.  Only  the 
(Hie  control  soil,  A,  was  used;  on  the  first  day  the  average  value  for  this 
was  found  slightly  higher  and  on  the  third  slightly  lower  than  on  the 
second  day.  Of  the  30  other  soils  27  showed  the  highest  value  on  the 
first  day  and  22  the  lowest  on  the  third  day. 

From  the  above  the  advantage  of  using  samples  of  control  soils  will 
be  evident.  The  mere  concordance  of  determinations  on  different  days 
and  even  by  different  operators  is  in  itself  no  evidence  that  such  data 
txjpxeas  the  correct  hygroscopic  coef&dents.  Especially  striking  illus- 
trations of  this  were  afforded  by  the  data  obtained  using  pasteboard 
trays  described  above — data  that  we  later  wholly  discarded.  The  de- 
velopment of  an  indirect  method  for  the  determination  of  the  hygroscopic 
coefficient  from  the  content  of  hygroscopic  moisture  was  suggested  by 
the  parallel  rise  and  fall  of  the  two  control  soils  from  day  to  day  (4,  p. 
348-359). 

KELIABIUTY  OF  THB  METHOD  DESCRIBED  BY  HII/>ARD 

To  determine  this,  we  followed  his  method  exactly,  except  that  we 
used  a  table  of  parafSned  wood,  which  he  does  not  spedfy.  To  give 
the  method  the  most  severe  test  we  each  day  employed  fresh  and,  accord- 
ingly, air-dry  sheets  of  glazed  paper.  Pour  soils,  two  of  them  of  high 
bygroscopicity,  were  employed,  they  being  exposed  in  duplicate  for  12 
boms  and  also  for  24  hours  (Table  XII).  During  the  whole  of  the  time 
the  temperature  of  the  room  was  between  14®  and  15®  C. 

Tabus  XII. — Results  showing  the  reliabiUty  of  Hilgard*s  method  when  carried  out  as  he 

has  described  it 


Hyrgroscopic  ooefiBdent. 

Soil. 

On  glased  paper. 

In 

lahoon' 

Mbourt' 
cacpoiure. 

trays 
(94  hours' 
exposure). 

OootiolsoilL 

IS- 4 
19-5 

IS- 7 
aao 

16.  0 

Cootmlioill...: 

"1 

CootmlsoilA 

OwtiDlawlC 
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low  that  in  the  case  of  soils  of  medium  hygtQ 
re  gives  results  so  dose  to  those  obtained  b; 
^y  the  use  of  metal  trays  that  the  difference 
the  range  of  experimental  error.  Howevei 
ligh  hygroscopidty,  such  as  I,  it  is  not  certai 
itly  too  low;  in  the  case  of  these  it  is  espedall 
r  of  soil  very  shallow.  With  L  and  I  we  use 
to  1 6  gm.  giving  a  deddedly  lower  resuli 
vas  not  too  much  and  with  C  as  much  as  S 
t  lessening  the  value  found, 
at  the  method  of  Hilgard,  carried  out  exact! 
able  results,  as  this  makes  available  as  trusi 
igational  purposes  the  great  number  of  dal 
nt  which  he  has  reported  along  with  physio 
id  and  humid  soils. 

aOD  WHEN  SAMPLE  CONTAINS  GRAVEL  OR 
PEBBLES 

unple  in  which  moisture  has  been  determine 
oall  pebbles.  These  can  not  as  such  be  i 
Dsed  in  the  absorption  boxes,  as  the  quanti 
lie  coarse  particles  would  constitute  dther 
^r  proportion  of  these  than  they  did  in  ti 
ngly  they  must  dther  be  separated  and 
:  reduced  to  a  state  su£Sdently  fine  to  pern 
\  secured  while  still  coarse  enough  to  ha 
fipadty.  As  a  coarse  sand  has  a  hyg^roscop 
0.5,  the  pebbles  and  gravel  if  crushed  ju 
sieve  will  cause  no  difficulty  on  the  trays  ai 
Tors. 

id  it  most  convenient  to  crush  the  sample 
the  fine  material  at  frequent  intervals  wi 


CONCLUSIONS 
pic  moisture  absorbed  increases  with  the  ri 

at  temperature  of  100®  to  no®  C.  does  n 
liygroscopidty. 

be  reduced  in  a  sted  mortar  to  pass  a  i-nu 
tffecting  their  hygroscopicity. 
n  the  absorption  boxes  is  suffident  only  wb 
V.    In  practice  a  longer  intervalns  found  mc 
I  proving  very  satisfactory.    An  exposure 
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more  than  24  hours  gives  higher  values  in  the  case  of  only  very  fine 
textured  soils. 

A  sq3  containing  the  amount  of  moisture  corresponding  to  its  hygro- 
scopic coefficient  loses  water  very  rapidly  when  exposed  to  an  ordinarily 
dry  atmosphere,  but  in  detCFmiping  the  hygroscopic  coefficient  the  time 
necessary  to  transfer  the  soils  from  the  absorption  boxes  to  weighing 
bottles  is  so  brief  that  the  loss  during  the  transfer  is  too  small  to  appreci- 
ably affect  the  accuracy  of  the  results. 

Hilgard's  method  for  the  determination  of  the  hygroscopic  coefficient, 
carried  out  exactly  as  he  describes  it,  gives  reliable  results.  However, 
the  loose  sheets  of  glazed  paper  thus  involved  are  very  inconvenient 
when  many  determinations  are  to  be  made  and  may  advanti^;eously  be 
iqdaced  by  shallow  trays,  either  of  alumintlm  or  of  copper.  Trays  of 
^,  graniteware,  and  vulcanized  rubber  give  satisfactory  results,  but 
ire  less  convenient,  while  those  of  tin  plate  or  zinc,  although  satisfactory 
at  first,  soon  corrode.  Pasteboard  trays  lined  with  glazed  paper  give 
Rsolts  much  too  low,  unless  the  period  of  exposure  be  greatly  prolonged, 
and  even  those  of  paraffined  pasteboard  lined  with  glazed  paper  give 
somewhat  low  results.  Any  considerable  increase  in  the  size  of  the 
absorption  boxes  over  that  recommended  by  Hilgard  or  the  use  of  a 
iaiger  number  of  exposed  samples  within  the  boxes  of  the  same  size 
cause  too  low  results,  unless  the  time  of  exposure  be  greatly  increased. 
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INHERITANCE  STUDIES  IN  PISUM.  IV.  INTERRELATION  OF 
THE  GENETIC  FACTORS  OF  PISUM 

By  Orland  E.  Whitb, 

CwaloT  of  Plant  Breeding,  Brooklyn  Botanic  Garden;  Collaborator,  Office  of  Forage 
Crop  InvesitgaOons  and  Office  of  Horticultural  and  Pomological  Investigations,  Bureau 
cf  Plant  Industry,  United  States  Department  of  Agriculture 

INTRODUCTION 
The  present  paper  describes  and  discusses  the  number  of  demonstrated 
factors  in  Pistmi,  their  modifying  effects  upon  each  other's  expression,  the 
modification  of  their  expression  by  different  environments,  and  their  rela- 
tion to  one  another  in  inheritance,  whether  independent  or  linked. 

MATERIAL  AND  METHODS 

As  pointed  out  by  Mendel,  Correns,  Lock,  and  many  others,  the  pea 
plant  is  in  many  respects  especially  favorable  xnaterial  for  stud3nbg  such 
genetic  problems  as  these  because  of  the  ease  with  which  it  grows,  its 
abort  life  cyde,  its  practically  complete  self-pollination  (i  to  10,000  in  this 
locality)  in  outdoor  cultures,  its  comparatively  small  number  of  chromo- 
somes (seven  pairs),  the  sharp  cleavage  in  its  multitudinous  character  dif- 
ferenoes,  and  the  slight  trouble  involved  in  making  successful  crosses. 
On  the  other  hand,  back-crossing  for  various  purposes,  such  as  Morgan 
and  his  coworkers  do,  is  practically  out  of  the  question  with  peas,  because 
of  the  very  small  amount  (2  to  4)  of  seed  obtained  from  each  cross  for 
the  amount  of  work  required. 

The  xnaterial  upon  which  the  original  and  confirmatory  data  in  this 
study  are  based  consists  of  a  collection  of  over  200  different  varieties 
and  species  of  peas  gathered  from  all  over  the  world  through  the  help 
of  the  Offices  of  Foreign  Seed  and  Plant  Introduction  and  Forage-Crop 
Investigations;  Sutton  &  Sons,  Reading,  England;  P.  Vilmorin  and 
VOmorin  et  Cie.,  Paris,  France;  W.  Bateson  and  C.  Pellew;  Haage  & 
Sdunidt,  Erfurt,  Germany;  several  botanic  gardens  in  Europe  and  Asia; 
and  from  many  other  sources.  The  material  particularly  used  consists  of 
the  varieties  listed  in  Table  I,  for  which  the  factors  directly  concerned  in 
tUs  study  are  also  given.  All  the  strains  have  been  inbred  for  at  least 
two  generations,  and  they  breed  true  to  the  factors  designated  for  them. 
AO  the  pedigree  cultures  to  be  compared  with  one  another  were  grown 
as  nearly  as  practicable  under  the  same  environmental  conditions — ^for 
example,  the  parents  and  the  F^  and  F,  generations  are  often  grown  side 
by  side;  crosses  are  practically  all  made  in  the  greenhouse  in  winter;  and 
the  seed  for  growing  the  F,  progeny  are  also  grown  under  these  conditions, 
as  a  greater  quantity  and  better  quality  of  seed  can  be  secured  than  in 
field  cultures.  Under  such  conditions  the  bagging  of  emasculated  flowers 
is  absolutely  imnecessary.  Under  extremely  favorable  conditions  three 
generations  a  year  can  be  grown,  especially  by  using  dwarf  short-cycled 
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types,  such  as  P21.  The  forepart  of  the  winter  and  late  fall,  however, 
is  poor  pea  weather,  because  of  the  short  daylight  hours,  so  that  generally 
at  the  Brooklyn  Botanic  Garden  only  two  crops  a  year  are  matured. 

Tabi«E  I. — Designation t  source^  and  factorial  composition  of  varieties  of  Pisutn  studied 
in  determining  the  relation  of  factors  to  each  other  in  inheritance 


No. 


13 
13 
14 
31 

33 

36 

% 


39 
30 
32 

^l 
38 

39 
40 

41 
43 

47 

57 

58 

59 

63 

65 
67 
7* 
91 
94 
132 

138 
198 


Variety. 


Mummy 

Quite  Content 

Dwarf  Grey  Sugar 

Tall  Grey  Sugar 

Black-eyed  Marrowfat. . 
Nott's  Excelsior 

First  of  All 

White-eyed  Marrowfat. . 

Telephone 

Laxtonian 

Aldermann 

Spate  Gold 

GoldkOnie 

WachsSchwert 

"Market  Split" 

Selection  of  MS  (P35). . 
Acacia  D 

Acacia  T 

P,  Jomardi? 

P^elatius 

P.  quadratum 

P.  sat.  umbellaium 

Quite  Content 

Early  White   Dwarf 

Sugar. 
Velocity 

Everbearing 

Yorkshire  Hero 

Advancer 

Acacia  V 

"Chenille" 

Little  Marvel 

Abyssinian 

Benton. 

Scotch  Beauty 


Factors  studied.' 


AbJfa)G(Gp)I(Le)OR 
aB(Fa)(U) 


AB(le)T 

AB(Fa)GI(Le)pR. 

aB(&)Gi(ie)(Ti).'. 


aBGI(U)OR. 

aB(Fa)I 

aB(Fa)Gi 

aB(Fa)Gi(le). 
aB(Fa)Gi 


aB(Fa)GI 

aB?Fafe(Gp)i(Le)or(Tl). 
aB^tKFa)&(gp)I(U^ 

aB^a)G(Gp)iOR 

AB(Fa) 

aB(Fa)Gi(le)rO(tl) 


aB(Bt)(Fa)Gi(Le)PR(tl ) 
AB(Fa)GI(U)OR(Tl) 

ABGI(U)0PR(T1) .  . 
AB(Fa)I 


aB(fa) 

GiOr 

aB(bt)(le).  .. 
aBG(U)R.. 

aBi(le) 

aBi(le) 

aBGi(le)Pr. . . 
aBGi(le)r(tl). 

aB(bI)s 

a(le)u 

ABI(Le)RU. 
ABGIOR.... 
aBGiOR 


Source. 


H.  Eckford,  Wem,  Eng- 
land. 
Vaughan  Seed  Co.,  New 
York. 
Do. 
Do. 
Do. 
Peter  Henderson  &  Co., 
New  York. 
Do. 
Do. 
Da 
Do. 
Haage  &  Schmidt,   Er- 
furt, Germany. 
Da 
Da 
Da 

New  York  City  Maricets. 

Da 
W.  Bateaon  and  C.  Pel- 
lew. 
Da 
Cambri<^       ^England) 
Botanic  Garden. 
Do. 
W.  Bateaon  and  C.  Pel- 
lew. 
United    States    DqNut- 

ment  of  Agriculture. 
Stumpp    and    Walters, 
New  York. 
Do. 

Vatighan  Seed  Co.,  New 
York. 

Peter  Henderson  &  Co., 
New  York. 

Thorbum  &  Co.,   New 
York. 

Peter  Henderson  &  Co., 
New  York. 

Vilmorin  &  Cie,   Paris, 
France. 

P.    Vilmorin,    Paris, 
France. 

Sutton  &  Sons,  Reading, 
England. 

Btu'eau  of  Plant  Indus- 
try. 

United    States    Depart- 
ment of  Agriculture. 
Do. 


oPor  key,  see  Table  II. 
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Peas  are  easily  crossed  and  the  flowers  but  little  a£Fected  by  mutilation. 
The  set  of  seed  in  good  weather  is,  at  least,  60  to  75  per  cent.  Of  200  or 
more  varieties  grown  in  the  greenhouse  in  winter  in  4-inch  pots  and  in 
the  open  bench,  none  have  failed  to  blossom  and  set  seed.^ 

THE  FACTORS  OF  PISUM 

Mendel  (1866)',  Tschermak  (191 1),  Correns  (1902),  Bateson  (1909), 
Darbishire  (191 1),  Lock  (1905),  Pellew  (1913),  Keeble  (1910),  Vilmorin 
(1911,  1913),  Hoshino  (1915),  White  (1916),  and  others  have  demon- 
strated, on  the  presence  and  absence  hypothesis,  the  existence  of  over 
35  factors  in  the  genus  Pisiun,  these  obviously  forming  only  a  small  part 
of  the  full  factorial  Pisum  complex.  If  the  experimental  data  secured 
by  the  above-mentioned  investigators  are  interpreted  on  the  "paired 
iDelomorph"  hjrpothesis,  the  "absence"  of  each  factor  is  to  be  regarded 
as  a  recessive  factor,  and  the  ntunber  of  demonstrated  factors  is  thus 
increased  to  over  70.  In  Table  II  the  factors  are  listed  according  to  the 
"presence  and  absence  "  h3rpothesis.  The  presence  and  absence  of  these 
35  factors  gives  rise,  under  certain  specific  environmental  conditions, 
to  over  70  (Ufferential  Pisum  characters. 

The  detailed  experimental  data  by  which  these  factors  were  demon- 
strated and  the  references  to  the  literature,  together  with  much  other 
summarized  data  on  the  genetics  of  peas,  are  given  in  No.  II  of  this 
series  of  studies  on  Pisum  •;  hence  need  not  be  repeated  here.  Suffice 
it  to  say  that  in  many  cases  the  existence  of  these  factors  has  been  proved 
by  a  large  amount  of  experimental  data,  including  large  numbers  of  P, 
and  P,  generation  individuals,  results  from  the  back-crossing  of  P^  and 
bomozygous  P,  and  P,  individuals  with  the  ancestral  "parent"  t3rpes 
and  with  each  other,  reciprocal  crosses,  etc.  With  the  exception  of 
^^c^ois  II,  15,  17,  26,  27,  and  33,  the  data  are  especially  complete  and 
satisfactory.  In  several  cases  studies  on  a  single  factorial  difference  have 
involved  observations  on  over  20,000  individuals.  In  a  large  number  of 
the  cases  the  studies  mvolve  a  thousand  or  more  individuals.  Most  of 
these  factors  (except  factors  13  and  24)  have  been  isolated  by  other 
workers,  but  in  many  cases  the  writer  has  repeated  their  experiments 
vith  sitni1fl.r  results. 

In  collecting  these  factors  different  symbols  from  those  originally 
assigned  them  by  their  discoverers  have  often  had  to  be  given,  in  order 
to  make  them  intelligible  (Table  II).    Since  the  letters  of  the  alphabet 

*  The  vritcr  is  mncb  indebted  to  his  assistant.  Miss  M.  Mann,  and  to  Hiss  S.  Streeter.  a  graduate 
*>dait  d  the  Brooklyn  Botanic  Garden,  for  assistance  in  collecting  these  data.  Mr.  Montague  Free,  ol 
the  Garden  staff  has  also  helped  collect  and  ckssiiy  the  data. 

'  Bibfiogiaphic  dtatioos  in  parentheses  refer  to  "  literature  dted,"  p.  x  78-180. 

*  Whits.  O.  E.  inhbiutancs  sTunms  in  pisdm.  n.  thb  prbsbkt  statb  or  knowlbdob  ov  hb- 
VHTT  AMD  TAXunoM  DT  PBA8.  Brooklyn  Botanic  Garden  Contrib.  19.  (Compilatieo  and  oorrelatioa 
d  an  the  fowdc  data  00  Pisum  up  to  19x6.  with  critical  discussion  and  full  bibliography.  Read  by  title 
^>^«ctbeAaiericanPhilo8ophical  Society.  May  4. 19x7.  Not  yet  published.  Manuscript  copy  in  Brooklyn 
B««wc  Garden  Ubiary.) 
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are  too  few,  double-letter  expressions  of  a  descriptive  nature  have  been 
used,  one  capital  and  one  lower-case  letter,  the  two  being  joined  by  a 
parenthesis,  as  "(Gc)."  In  some  cases,  where  two  factors  are  re^xm- 
sible  for  the  same  result,  the  same  letter,  subtended  by  different  numerals 
has  been  used  by  Tschermak  (191 1),  and  these  are  retained.  The  same 
factor  often  expresses  itself  in  several  distinct  regions  of  the  plant,  such 
as  the  inflorescence,  the  leaf  axils,  etc.  When  more  is  known  concern- 
ing the  genetic  behavior  of  some  of  these  factors,  two  or  more  of  them 
may  be  found  to  be  absolutely  coupled  such  as  (i)  ^  and  (5),  in  which 
case  matters  are  simplified  by  representing  them  by  one  factor  symbol. 

TablS  II. — List  of  Pisum  factors ,  alphabetically  arranged^  and  their  corresponding 

character  expressions 


No. 


Factor. 


BxpresHoo. 


I 
2 

3 
4 
5 
6 

7 

8 
9 

zo 
II 

13 

13 
14 
15 
16 

17 
18 

19 
30 
31 
33 

23 
24 
25 
36 
37 
38 
39 


30 
31 
32 

33 
34 
35 


A 

B 

^:■• 
^±: 

E[A]... 

S!::: 

F»)... 
Fn)... 

G 

I 

fc).: : 

N 

O 

P 

Pi 

P,.... 

(PI)  .  . 
R 

S 

T 

(Tl).. 

U 

V 

w 


Salmon-pink  or  rose  flower  color.    With  CD  gives  reddish  leaf  axils. 
Purpling  factor  pltis  A  gives  purple  flowers.    With  CD  plus  A 

gives  purplish  leaf  axils  and  stem  bases. 
Olauoous  foliage,  stems  and  pods  (with  W);  "  bloom. " 
Pods  with  bltmt  apex. 
With  D  S[ives  leaf  axil  and  stem  color. 
With  C  gives  leaf  axil  and  stem  color. 
With  F  and  B  fives  purple  dotting  on  seed  coats;  in  the  absence  of 

B  pves  reddish  dots. 
Modifies  the  expression  of  (U)  toward  earlier  flowering. 
With  E  and  B  fiyta  purple  dotting  on  seed  coats;  in  me  absence  of 

B  gives  reddish  dots. 
AxilGuv  flowers,  found  stems,  regular  phyUotaxy. 
I  to  3  dowers  per  pedtmcle. 
Yellowish  green  to  grayish  brown  seed-coat  color  (weak  duomogen 

factor),  brown  hilum. 
Green  cotvledon  pigment. 
Green  pod  color. 

Brightener  or  inhibitor  of  expcession  of  Gc. 
Factor  which  causes  green  cotyledon  color  to  fade. 
With  (Gc)  gives  dark-brown  seed-coat  color. 
With  Ls  gives  indent  peas. 
With  Li(A)  gives  indent  or  dimpled  peas. 
Long  internodes;  with  T  eives  tall  |>lants. 
Primarily  responsible  for  late  flowering. 
Brown  or  maple  mottling  on  seed  coat;  or  "ghost  mottling"  in 

absence  of  A. 
Violet  eye  on  seeds. 
Green  foliage,  steins,  and  pods. 
Inflated,  parchmented,  nonedible  pods  with  V. 
With  Ps  gives  purple  pods. 
With  P|  gives  purple  pods. 
Black-eyed  seed-coat  pattern. 
Rotmd,  smooth  seeds  with  simple,  oval  starch  grains,  low  water 

content  and  with  excellent  powers  of  germination  under  unfavor- 
able weather  conditions. 
Pods  with  seeds  separated  or  free. 
Tall,  robust  plants,  large  number  of  internodes. 
Leaves  with  tendrils. 
Dark  self-colored  purple  seed  coat. 
With  P  gives  parchmented,  smooth  pods. 
With  (Bl)  gives  glaucous  foliage,  poos. 


^  For  key  to  mtmbcrt  i  to  35  in  parentbeMt.  tee  Xable  11. 
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Factors  A,  C,  E,  (Gc),  and  L^,  so  far  as  the  evidence  forthcoming  up  to 
now  is  concerned,  appear  absolutely  coupled,  and  it  is  much  simpler  to 
r^;ard  them  all  as  one  factor  with  many  separate  expressions.  A 
could  be  substituted  in  each  case  where  C,  £,  (Gc),  and  L|  are  used. 

MODIFICATION  OF  THE  EXPRESSION  OF  PISUM  FACTORS  BY  DIFFER- 
ENT ENVIRONMENTS  AND  BY  EACH  OTHER 

Most  of  these  data  have  been  compiled  from  other  papers,  but  this 
brief  review  also  represents  for  the  most  part,  first-hand  confirmatory 
knowledge  by  the  writer.  References  to  literature  and  credit  are  given 
in  the  earlier  paper  previously  referred  to.* 

The  factor  expressions  given  in  Table  II  represent  only  the  usual  or 
common  expression,  and  changes  in  environment  may  quite  radically 
modify  these  expressions.  Weather  conditions,  especially  prolonged 
damp  or  rainy  weather,  often  wash  out  or  suppress  the  development  of 
the  purple  flower  color,  so  that  it  resembles  the  pink,  and  pinks  are 
nxxl^ed  by  the  same  causes  to  white.  Under  greenhouse  conditions, 
where  proper  control  is  exercised,  this  never  happens.  Factors  3  and 
35,  either  independently  of  each  other  or  when  combined,  produce  the 
gbnoous  waxy  covering  of  peas.  Factor  3  is  arbitrarily  regarded  as  the 
common  one.  Plants  from  which  either  or  both  of  these  are  absent  are 
c&Ded  "emeralds,"  and  lack  this  covering.  Such  plants  are  very  sub- 
ject to  death  from  disease  and  other  external  causes;  hence,  are  gener- 
ally deficient  in  number  in  the  F,  ratios  from  crosses  of  glaucous  with 
emerald  varieties.  The  usual  expression  of  factor  (Bt)  (4)  depends 
partly  on  whether  the  pod  is  well  filled  with  peas.  Factors  C  and  D  (5, 6) 
are  dependent  on  plenty  of  sunlight;  otherwise  the  color  is  either  com- 
pletely at>sent  or  faint.  The  anthoc3ranin  pigment  of  the  seedcoat  pat- 
tern, brought  about  by  the  presence  of  factors  E  and  F  (7, 9)  is  soluble  in 
water  and  may  be  washed  out  in  rainy  weather.  Factors  (Ef)  and  (Lf ) 
(8, 21)  are  modified  by  a  large  number  of  environmental  conditions,  so 
tiiat  studies  on  these  should  always  be  carried  on  with  parents,  F^,  F^s, 
etc,  growing  side  by  side  from  plantings  made  at  the  same  time.  In 
ciosses  between  certain  normal  and  fasdated  varieties  of  peas,  domi* 
nance  may  be  partially  reversed  by  cloudy  weather  and  conditions  very 
bvorable  for  rank  growth.  Unfasdated  stem  is  usually  dominant  over 
hsciated  stem,  but  in  such  crosses  as  noted  above,  the  F|  plants  have 
been  slightly  fasdated  under  the  conditions  mentioned,  while  under  other 
conditions,  F^  plants  of  the  same  cross  have  remained  normal. 

A  character  similar  to  that  produced  by  the  absence  of  factor  (Fa) 
(10)  may  be  brought  about  in  varieties  of  peas  in  which  (Fa)  is  present 
by  very  damp  weather,  lack  of  suffident  sunlight,  and  crowding  and 
twisting  of  the  stems  (White,  1916b).    Various  environmental  causes 

1  Whits.  O.  E.    Op.  at, 
7768^-17 6 
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bring  about  fasdation  in  plants,  but  in  the  case  of  such  varieties  of 
peas  as  the  Mummy  (Pi),  the  cause  is  innate  or  hereditary. 

The  expression  of  (Gc)  (12)  changes  to  a  deeper  brown,  resembling  that 
of  (Gc)  (12)  and  J  (17)  combined,  if  the  ripe  seeds  remain  exposed  to  the 
weather  or  even  ripen  under  conditions  of  much  alternation  of  stm  and 
rain.  Under  greenhouse  conditions  water  rarely  touches  the  ripe  seeds. 
The  expression  of  factor  G  (13)  fades  on  prolonged  exposure  to  stmlight 
and  wet  weather,  and  seeds  of  wrinkkd-seeded  varieties  fade  more 
quickly  than  those  of  green  round-seeded  forms.  Lack  of  sufficient 
sunlight,  immaturity  due  to  prolonged  growth  of  the  vine,  and  other 
environmental  factors  effect  the  action  of  factor  I  (16)  on  green  coty- 
ledon {Mgment,  especially  in  such  varieties  as  Sp&te  GoM  (P29).  Pitting 
or  "spurious  indent"  resembling  the  expression  of  factors  Li  (18)  and 
L3  (19)  is  found  as  an  environmental  effect  in  peas  from  which  these 
factors  are  absent.  This  is  commonly  the  case  in  field-grown  seeds  in 
this  locality  of  such  white-flowered,  round-seeded  varieties  as  Tall 
Acacia  (P39),  First  of  All  (P22),  and  Black-Eyed  Marrowfat  (P14). 
Factor  (Le)  (20)  is  generally  responsible  for  the  difference  between 
dwarf  and  tall  peas,  and  this  difference  may  be  noted  as  soon  as  the 
plants  are  2  to  3  weeks  old.  Factor  T  (31),  aside  from  the  fluctuations 
caused  by  differences  in  environment,  is  responsible  for  the  number  of 
intemodes.  Pea  varieties  may  be  classified  into  three  general  types  as 
regards  height — dwarfs,  half  dwarfs,  and  tails.  Dwarfs  have  3  to  15 
short  intemodes.  Half  dwarfs  are  at  least  of  two  general  types — plants 
with  10  to  18  long  intemodes  or  20  to  30  short  ones.  Tall  peas  are 
made  up  of  a  large  number  of  long  intemodes  (35  to  60).  Other  heredi- 
tary elements  not  yet  isolated,  together  with  environmental  conditions 
sudi  as  disease,  very  poor  soil,  and  dry,  hot  weather,  modify  the  expres- 
sion of  these  factors,  especially  T  (31).  The  absence  of  factor  (Fa)  (10), 
bringing  about  fasdation,  modifies  height  by  shortening  the  inter- 
nodes,  though  possibly  the  number  of  intemodes  is  increased.  Factor 
M  (22)  expresses  itself  very  faintly  ("ghost  mottling")  in  the  absence  of 
factor  A  (i)  for  flower  color.  Prolonged  exposure  to  sun  and  rain  after 
the  seeds  are  mature  darkens  the  brown  pigment. 

The  expression  of  factor  O  (24)  may  be  modified  or  almost  entirely 
suppressed  by  certain  diseases  or  the  lack  of  sufficient  salts,  such  as 
potassium.  Sickly  yeUow  foliage  results,  somewhat  resembling  varieties 
from  which  O  is  absent,  though  whiter  and  duller.  Crosses  involving 
factors  G,  O,  and  R  (13,  24,  29)  apparently  give  complex  results. 
Either  the  presence  of  the  shape  factor  R  (29)  causes  no  zygotes  to  be 
formed  in  which  R  is  present  and  G  and  O  are  absent,  or  the  presence  dt 
R  in  some  way  brings  about  the  production  of  green  pigment,  even 
though  G  (13)  is  absent.  More  data  are  being  accumulated,  and  it  is 
hoped  these  particular  problems  will  be  solved  shortly  through  their  aid. 
The  expression  of  factor  S  (30),  in  the  absence  of  which  pea  seeds  are 
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stuck  together  when  mature,  is  regarded  by  the  Hagedooms  (1914)  as 
being  modified  by  the  factors  for  flower  color  and  glaucous  foliage  and 
stems.  In  working  over  Vilmorin's  data  (1913),  the  present  writer 
concluded  that  these  data  were  more  simply  explained  by  regarding 
factors  (Bl)  (3)  and  S  (30)  as  partially  coupled  or  linked  and  by  assum- 
ing certain  of  the  F,  combinations  to  be  adversely  affected  by  weather 
conditions.  The  variety  with  stuck-together  seeds  ("chenille")  has 
emerald  foliage,  but  emerald  varieties  are  known  with  free  seeds. 

RELATION  OF  PISUM  FACTORS  TO  EACH  OTHER  IN  INHERITANCE, 
WHETHER  LINKED  (COUPLED)  OR  INDEPENDENT 

The  studies  of  Bateson  (1909),  Pellew  (1913),  Surface  (1916),  Tanaka 
(1913),  Emerson  (191 1),  Vilmorin  (i9i3)»  Gregory  (191 1),  Doncaster 
(1913)1  Pearl  (1912),  Altenburg  (i9i6)»  and  especially  of  Morgan  and 
his  coworkers  and  students  (1915),  Sturtevant  (1915),  Bridges  (1914)1  and 
Muller  (1916)  make  it  increasingly  evident  that  the  various  hereditary 
diaracteristics  of  organisms  and  their  determiners  or  factors  are  inherited 
in  more  or  less  closely  linked  groups,  instead  of  independently,  as  was 
supposed  in  the  early  Mendelian  studies,  these  groups  being  held  together, 
perhq)s,  by  diromosomes.  As  shown  by  Cannon  (1903),  Strasburger 
(1911),  and  others,  at  least  some  varieties  of  the  common  pea  have  seven 
pairs  of  chromosomes;  and  a  wide  cytological  investigation,  now  in 
progress,  will  determine  how  true  this  is  for  all  species  of  Pisum.  On  the 
assumption  that  seven  pairs  of  chromosomes  are  the  number  usually 
present  in  all  varieties,  the  number  of  independently  inherited  groups  in 
Pisum,  on  the  chromosome  hypothesis  as  developed  by  Morgan  and  his 
students  (1915)9  should  be  seven.  Should  accurately  checked  data  show 
that  more  than  seven  of  these  groups  occur,  for  instance,  eight  or  nine, 
either  the  varieties  used  possess  more  than  seven  pairs  of  chromosomes  or 
the  chromosome  theory  as  now  held,  so  far  as  peas  are  concerned,  would 
need  revision  or  would  be  disproved.  The  chromosomes  of  peas,  as  com- 
pared with  those  of  Drosoph/Ua  spp.,  however,  are  long ;  and  from  this  fact 
oae  might  assume  the  linear  distances  between  many  of  the  factors  to  be 
fieater.  This  being  true,  greater  opportunities  for  crossing  over  would 
occur,  and  when  the  number  of  cross-overs  approached  50  per  cent, 
greater  difficulty  would  be  found  in  securing  sufficiently  accurate  data 
to  distinguish  between  ratios  involving  linkage  and  those  showing  only 
independent  inheritance. 

Table  III  shows  the  totals  of  Fa  ratios  from  crosses  involving  the  pres- 
ence and  absence  of  eight  factors  [A,  B.  (Fa),  I,  (Le),  G,  R,  (Tl)],  two  of 
which  [R  and  (Tl)]  belong  to  one  group.  Each  factor  has  been  tested  out 
in  crosses  involving  all  its  possible  combinations  with  the  other  seven, 
the  results  indicating  seven  independently  inherited  groups  in  Pisum. 
Hence,  in  Table  III  all  the  factors  of  one  group  have  a  common  number, 
as,  for  example,  R  and  (Tl)  meaning  that  both  Rand  (Tl)  belong  to  group 
7.    The  Fj  generation  totals  in  most  cases  are  fairly  large  and  dependable. 
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but  in  some  cases  still  more  data  are  needed,  in  view  of  the  fact  that  the 
linked  groups  may  be  less  closely  bound  together  in  Pisum  than  in 
Drosophila,  because  of  difference  in  chromosome  dimensions.  In  several 
cases,  involving  smaU  totals,  the  approximation  between  the  classes 
actually  obtained  and  those  theoretically  expected  is  not  very  dose.  As 
soon  as  more  data  are  obtainable  probable  errors  for  these  ratios  will  be 
calculated.  In  Table  III,  the  ratios  actually  obtained  are  given  first  and 
the  calculated  expectation  directly  beneath.  Bach  factorial  combination 
is  separated  by  a  line  and  the  combinations  themselves  (somatic)  are 
expressed  by  descriptive  character  symbols,  explanations  of  which  are 
given  in  a  note  below  the  table.  Factors  (Tl)  and  R  are  used  inter- 
changeably, as  they  are  closely  linked.  The  totals  represent  the  F, 
populations  from  crosses  of  different  varieties,  though  each  of  the  two 
varieties  involved  in  a  single  cross  differed  in  the  designated  factors. 
The  data  from  the  individual  crosses  with  the  numbered  designations  of 
the  varieties  involved,  are  given  in  the  appendix.  Each  group  of  crosses 
involving  one  type  of  factorial  difference  is  designated  so  as  to  correspond 
with  the  designation  in  Table  III,  as  exempli  gratia  (i),  (2),  etc.  All  data 
except  those  involving  group  7  are  from  the  Brookljrn  Botanic  Garden 
cultures.  The  data  for  group  7  are  the  combined  results  from  the  studies 
of  Vilmorin  (1911),  Bateson  (1909),  Bateson  et  al.  (1905),  Pellew  (1913), 
as  well  as  from  the  writer's  own  studies. 

The  emplojrment  of  data  from  crosses  involving  many  different  varie- 
ties to  demonstrate  the  independent  inheritance  of  specific  factors,  such 
as  those  given  in  Table  III,  as  compared  with  data  from  crosses  involving 
only  two  varieties  with  the  desired  factorial  differences,  is  open  to  some 
criticism  on  the  hypothesis  of  multiple  factors.  Nilsson-Ehle,  (1908, 
1909),  East  (1910),  Morgan  et  al.  (1915),  ShuU  (1914),  and  many  others 
have  secured  P,  tatios  involving  only  one  character  difference,  which, 
however,  gives  a  di-,  tri-,  or  poly-hybrid  ratio. 

Apparently  the  same  characters  in  plants  and  animals  of  the  same 
species  in  other  experiments  have  given  an  ordinary  monohybrid  3  :  i 
or  I  :  2  : 1  F3  ratio.  These  results  (dark-brown  glume  color  in  oats, 
yellow  endosperm  color  in  maize,  pink  eye  color  in  Drosophila,  capsule- 
shape  in  shepherd's-purse  {Bursa  bursa-pastoris),  etc.,  are  interpreted 
by  their  discoverers  as  showing  the  presence  of  two  (in  case  of  a 
dihybrid  ratio)  or  more  factors,  each  of  which  by  itself  gives  rise  to  prac- 
tically the  same  effect,  expression  or  character,  as  when  both  are  con- 
cerned. Further,  as  the  ratio  indicates,  they  are  inherited  independently 
of  each  other,  and  according  to  Morgan,  Sturtevant,  and  their  colleagues 
(191 5),  they  are  located  in  different  chromosomes.  By  the  method  in 
use  in  the  present  study,  different  factors  in  different  varieties  giving  the 
same  or  very  nearly  the  same  ** somatic"  expression  could  not  be  dis- 
tinguished ;  hence,  one  can  not  be  certain  that  he  is  always  experimenting 
with  the  same  factor. 
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Table  III. — Fremuncy  distribution  actually  obtained  and  theoretically  expected  of  tie 
various  factorial  combinations  of  Fj  populations  of  peas  derived  from  crosses  involving 
eight  pairs  cf  factorial  diferences,  two  of  which  are  partially  linked 
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Two  such  multiple  factors  as  A  and  A^,  each  capable  of  producing  pink 
flower  color,  each  located  in  a  sq>arate  chromosome,  and  each  inde- 
pendently inherited  from  a  third  such  factor  A,,  having  the  same  expres- 
sion, could  bring  about  considerable  confusion  in  such  an  attempt  as  the 
present  to  determine  the  factorial  groups  of  Pismn.  With  data  from 
crosses  of  two  varieties  having  seven  or  more  factorial  differences,  no 
such  difficulties  would  be  encountered,  and  perhaps  even  with  the  method 
used  above  the  chance  of  encounterii^^  more  than  one  such  factor,  is 
comparatively  rare.  As  soon  as  two  true  breeding  varieties  differing  in 
seven  or  more  suitable  factors  can  be  secured  from  crossing  experiments 
the  independence  in  inheritance  of  the  factors  listed  in  Table  III  will 
again  be  tested. 

From  among  16,384  or  more  F,  progeny  of  such  a  cross,  if  each  factor 
proved  again  to  be  independently  inherited,  there  should  be  over  128 
(2')  visibly  distinct  forms,  representing  2,187  distinct  factorial  combina- 
tions. Provided  the  cross  involved  8  factor  differences,  each  inherited 
independently  of  the  other,  256  distinct  forms  would  be  theoretically 
expected  and  if  a  cross  were  made  involving  25  such  factor  differences, 
each  independently  inherited,  the  P,  generation,  if  it  were  practicable  to 
grow  a  large  enough  population  (4*^),  should  consist  of  at  least  (2^*) 
33,554,432  visibly  distinct  forms.  The  classification  of  such  a  popula- 
tion, even  when  obtained,  would  be  impracticable,  if  not  impossible. 

It  is  brought  into  the  present  discussion  to  emphasize  the  enormous 
amount  of  variation  possible  through  crossing,  for  even  on  the  chromo- 
some-crossing-over-linkage hypothesis  of  Morgan  and  his  coworkers 
(1915)*  pls^ts  and  animals  are  known  with  more  than  enough  factor 
differences  and  chromosomes  to  have  25  independently  inherited  g^ups. 
For  example,  Nicotiana  tabacum,  the  commercial  tobacco,  as  observed  by 
the  writer  (1913),  has  24  chromosome  pairs  and  the  recent  lists  of  Tischkr 
(1916)  and  Ishikawa  (1916}  cite  plants  with  a  much  higher  number. 
As  pointed  out  by  East  (191 5),  if  the  facts  and  theories  regarding  inher- 
itance in  Drosphila  spp.  are  found  to  be  true  for  organisms  in  general,  it 
is  very  important  that  plant  breeders  should  know  the  number  of  chromo- 
some pairs  in  the  plants  with  which  they  are  experimenting.  When  one 
contrasts  the  number  of  forms  that  can  be  derived  from  such  crosses  as 
mentioned  above  with  the  number  of  recognized  plant  species  (approxi- 
mately 225,000)  and  considers  that  to  the  plant  breeder  and  horticul- 
turist many  of  these  forms  are  as  distinct  as  taxonomic  species,  one  is  not 
surprised  at  all  that  a  certain  well-known  taxonomist  and  student  of 
phylogeny,  Lotsy  (19),  should  advocate  that  all  evolutionary  change  of 
a  hereditary  nature  is  due  to  crossing. 

Other  factors  in  addition  to  those  listed  in  Table  III  have  been  tested 
out  with  each  other,  but  only  part  of  the  possible  combinations  with  those 
given  in  Table  III  have  been  made,  so  these  data  are  reserved  for  a  later 
paper. 
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LINKAGE  IN  PISUM 

In  Table  IV  the  available  data  on  linkage  of  factors  in  Pistun  are  given. 
As  in  Table  III,  only  totals  are  listed,  the  detailed  results  from  which  the 
totals  were  compiled  being  given  in  the  appendix,  the  tables  being  ntmi- 
bered  to  correspond  with  the  linked  factor  groups  in  Table  IV.  Linked 
group  24  in  Table  IV  is  based  on  the  writer's  own  interpretation  of 
Vilmorin's  (1911}  data  from  P,  hybrid  populations  and  F,  progeny  from 
heterozygotes  similar  to  the  P^.  The  deficiency  of  EA  individuals  is,  as 
pieviously  stated,  probably  due  to  insufficient  ability  to  resist  disease. 
At  least,  that  is  the  writer's  own  experience  with  emerald  varieties.  The 
calculation  of  crossover  to  non-crossover  gametes  is  based  on  Castle's 
table  (1916). 

Group  25  is  based  on  the  studies  of  Lock  (1905),  Tschermak  (191 1), 
and  Iloshino  (1915),  supplemented  by  the  writer's  own  studies,  though 
none  of  his  own  data  are  incorporated.  The  figures  and  interpretation 
are  taken  from  Hoshino's  paper.  As  previously  stated,  factors  A,  C, 
B,  (Gc),  and  L^,  are  absolutely  coupled  and  most  simply  interpreted  as 
expressions  of  A,  instead  of  as  five  distinct  factors,  as  held  by  Tscher- 
mak and  others.  Group  26  is  based  on  the  data  and  the  interpretation 
of  Vilmorin  and  Bateson  (191 1),  and  Pellew  (191 3),  though  the  discovery 
was  first  made  by  Vilmorin  (1911).  The  results  of  the  writer  from 
numerous  crosses,  among  which  was  one,  the  F,  seed  oi  which  was  kindly 
sent  me  by  Prof.  Bateson,  completely  confirm  the  previous  studies. 
Group  27  is  based  entirely  on  the  writer's  own  data,  but  they  are  too 
few  as  yet  to  determine  the  ratio  of  non-crossover  to  crossover  gametes. 
Groups  25,  26,  and  27  are  inherited  independently  of  each  other,  but, 
as  shown  in  Table  III,  they  belong  to  three  of  the  seven  independently 
inherited  groups  already  demonstrated.  The  relation  of  group  24  to 
these,  so  far  as  the  writer  is  aware,  is  undetermined. 

TablB  IV.— Linked  groups  of  Pisum  « 


Xo. 


Factors. 


Linkage. 


24 

2$ 

25 
26 

a? 


(B1),S 

Total  340. . . . 

A(Lf) 

Total  2.636. . . 

A.  C,  E  (Ck:) 
and  L| 

R(T1) 

Total  2.065... 

G,0 

Total  126 


265  GIFs  :  6  GlAs  :  12  EFs  :  57  EAs. 

226  GIFs  :  17  GlAs  :  17  EFs  :  64  EAs  (8:1). 

iSq.o  GIFs  :  63.3  GlAs  :  63.3  EFs  :  21. i  EAs  (no  coupling). 

513  WE  :  163  WL  :  141  RpE  :  1813  RpL. 

505  WE  :  154  WL  :  154  RpH  :  1823  RpL  (7:1). 

164.3  WE  :  492.9  WL  :  492.9  RpE  :  1478.7  RpL  (no  coupling). 

Absolutely  coupled,  so  may  be  regarded  as  expressbns  of  a 

single  factor  A. 
1,466  RT  :  20  RA  :  15  ^nr  :  564  WA. 
1.471  RT  :  15  RA  :  15  WT^6i  WA  (63:1). 
1, 161  RT  :  387  RA  :  387  WT :  129  WA  (no  coupling). 
134  GcGf  :  6  GcYf  (?)  :  16  YcGf  (?)  :  40  YcYf . 
109.7  GcGf  :  36.3  GcYf  (?]  

coupling). 


(?)  :  36.3  YcGf  (?)  :  12.2  YcYf  (no 


•  Actnafly  obtained  Ps  classes  and  frequencies  given  first,  followed  (x)  by  approxiinated  amount  of 
c^Miafmr  and  (a)  by  theoretical  expectancy  on  a  non-linked  or  no<oapUng  basis. 
^^IMMOiis,  B  SB  rmerald  or  non-glaucous  Ps  ■■  free  seeds.  As  —  adhering  or  "chenille"  seeds. 
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SUMMARY 

(1)  Thirty-five  genetic  factors  of  the  genus  Pisum  together  with  their 
common  expressions,  are  listed  and  discussed  in  the  present  paper. 
The  ** presence  and  absence"  of  these  35  factors  are  mainly  responsible 
for  70  or  more  diflferential  Pisum  characters. 

(2)  The  modifying  effects  of  the  expression  of  one  factor  upon  that 
of  another,  and  the  effects  of  external  environmental  conditions  upon  the 
expression  of  these  factors,  so  far  as  known,  are  presented  and  discussed. 

(3)  Data,  involving  many  thousand  F,  generation  progeny,  indicate 
the  factors  A,  B,  (Fa),  I,  (Le),  G,  and  R  to  be  independently  inherited — 
that  is,  not  linked,  unless  the  linkage  is  very  loose. 

(4)  Data  for  four  linked  groups  are  presented,  three  of  which  involve 
the  factors  mentioned  under  (3),  and  one  of  which  the  relations  to  the 
above  seven  are  still  imdetermined. 
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Tablb  7 .— /nAmlaiic*  of  factors  A  and  (L#) 


Cross. 


(P2I-lXPl-l)-I,  etc 

(P27-iXPi-i)-i 

(P4D-iXPs8-2)-i,-2 

{P4I-1XP2I-1)  — I,— 2 

^i-3XP58-3)~i 

(P58-3XP4i-5)-i.-2 

(Pfe-iXP4i-3)-i.-« 

«5-iXP4i-3)~i 

57-6XPi3-3)-i»-2.-3. 
1^-iXP4i-5)-i»-2 

Grand  total 

Theoretically  expected 

Ratio 


Ps  dMses  and  frequencies. 


RpT.      RpD.      WT.       WD. 


167 

12 

25 
122 

82 
67 

37 

39 

176 


750 


776.7 


59 


36 
6 
21 
16 
22 


270 


258.9 


12 
40 
5 
34 
20 
10 
26 
56 


276 


258-9 


30 
I 

2 
8 
I 
4 
4 
4 
4 
26 


84 


86.3 


Total 


321 
26 

47 
206 

35 

141 

107 

73 

84 

340 


1,380 


1,380 


Tablb  S .—Inheritance  of  (Fa)  and  {Le) 


Ps  dosses  and  frequencies. 

Total. 

Cross. 

NT. 

ND. 

FT. 

FD. 

(P21-1XP1— i)— I.  etc 

210 
23 

76 

6 

65 

4 

32 
0 

383 

(P27-1XP1  — I)— I 

Gfsiifi  total 

233 

82 

69 

32 

416 

Theoretically  expected 

234 

78 

78 

26 

416 

Ratio 

9 

3 

3 

I 

Tablb  9. — Inheritance  of  factors  I  and  {Le) 


Ps  classes  and  frequencies. 

TotaL 

YT. 

YD. 

GT. 

GD. 

(?Ji-iXPi— i)— I,  etc 

221 

121 

51 
167 

79 
34 
20 
20 

54 
42 
29 
17 
15 

68 

29 
II 

5 

I 

23 

f^ 

?4i-iXP2i  — 1)— I,— 2 

fI*fe-xXP4i— 0— I.— 2 

'1^ 

87 
345 

(P65-1XPI1-3  -I . .........:..;: ;::::::::;;:: 

!P^-6XPi3-3-3)-i,~2,-3 

(P7i-iXP4i-5)-.i,-2.......^. 

Grand  total 

669 

255 

225 

83 

1,232 

Theoretically  expected 

693 

^Z^ 

231 

77 

1,232 

Ratio 

9 

3 

3 

I 
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TablB  io. — Inheritance  of  factors  A,  B^  I,  and  G 


Ps  classes  and  frequencies. 

ToUL 

RpY. 

RpG. 

PY. 

PG. 

WY. 

WG. 

(P^o— iXPi  — i)  — i.etc 

80 

13 

28 

5 

30 

II 

167 

Theoretically  expected 

76.  0 

17-5 

25.3 

5-8 

33.8 

7.8 

167 

Ratio 

"7 

27 

39 

9 

52 

13 

TablB  II. — Inheritance  of  factors  A,  /,  and  G 


Cross. 

Ps  classes  and  frequencies. 

Total. 

CY 

CG 

WY 

WO 

(P^o— iXPi  — l)— I.  etc. 

108 
60 

18 
14 

30 

23 

II 

2 

167 
98 

(P40— 2XP^o— 4)  — X 

Grand  total 

168 

32 

52 

13 

265 

Theoretically  expected 

160 

36.9 

53.3 

12.3 

265 

Ratio 

39 

9 

13 

3 

TablB  12. — Inheritance  of  factors  (Fa)  and  G 


Pi  classes  and  frequencies. 

Total. 

Cross. 

YN 

YP 

GN 

GP 

—  iXPi  — i)— I.  etc 

102 

36 

25 

4 

167 

Thcioreticallv  exp<*cted 

lOI.  4 

33.8 

23- 4 

7.8 

167 

Ratio 

39 

13 

9 

3 
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Tablb  13. — Inheritance  of  factors  G  and  I 


CroM. 


Dom.  Y  (GGII)Xrec.  Y  (ggii)« 

Total  data  transferred  from  table  3b  (1916). . 

(P29-2-1XP30— A-io)-i 

(P29-3-1XP30— A-IO)-2 

(P29-2~iXP30— A-io)-3 

(P39-2-2XP30— A-ii)-i 

(Pi38-iXP30-4-i)-i 

(Pi38-2XP30-4-i)-i 

lh38-2XP30-4-i)-2 

(P7i-2-2-iXP30-4-3-i)-i 

{IV-3-iXP30-4-3-i)-i 

(I^-3-iXP30-4-3-i)-2 

(ftoo-3-iXP30-4-3-i)-2 


Grand  total . 


Theofetically  expected 

Ratio 

Dom.  YXG  cot.  (GGii)a 

For  crosses,  etc.,  see  Darbishire  (1913,  p.  71)  and  White 
(1916,  pp.  537-538) 


ThetMretically  expected 

Ratio 

Rec.  YXG  cot. 


(Pm-iS-iXP30-A-2)-i 
(hi-i5-iXP3o-A-2)--2 


<?30-5-4XP38-2O-iP)-i. 
(^5-4XP38-20-iP)-2 . 
(fy-5-4XP38-2onoP)-i . 
fto-5-iXP38-20-i)-i... 

l^-2XP30-5-7)-i 

ft3-2XP30-5-7)-2 


Ps  classes  and  fre- 
quencies. 


78 
155 

75 
108 

28 
140 

72 

4 
II 

9 

5 


1,142 


1, 145-  3 


13 


43»  764 


43*690.5 


Grand  total 

Theoretically  expected. 
Ratio 


5 
8 

15 

II 

6 

12 

3 

3 


87+22? 

17 
40 

19 
25 
10 

30 
16 
o 
I 
I 
o 


246+22  ? 


2643 


14,490 


14, 563 


63 


70 


22 

23 

49 
41 
26 

31 
13 
12 


217 


Total. 


566 
95 

195 
94 

'li 

170 

88 

4 
12 
10 

5 


1,410 


1,410 


58,254 


58.254 


27 
31 
64 
52 
32 
43 
16 

15 


280 
280 


•  Factorial  campoiition. 
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TablS  14. — Inheritance  of  factors  (Le)  and  G 


Ps  classes  «nd  frequencies. 

TtotaL 

CroM. 

GT 

GD 

VT 

YD 

(P21  — IS— iXP^o— A--2)  — I,— 2 

22 

6 

7 

I 

36 

Theoretically  expected 

20.2 

6.7 

6.7 

2.  2 

36 

Ratio 

9 

3 

3 

I 

TablB  15. — Inheritance 

of  factors  A  and  R 

Ps  classes  and  frequencies. 

Total. 

RRp 

RW 

WrRp 

WrW 

(P40— 2XP^o— 4)  —  I 

55 
32 

20 
10 
21 

•    55 

19 

7 

12 

75 

4 

2 

.1 

98 

343 

(P41  — iXP^o— 6)  — I 

(P67-6XPi3-3-3)-i.-a.-3- •• 

1P72  — iXPai  — 0  — I.— 2 

Grand  total 

317 

106 

"3 

43 

579 

Theoretically  expected 

324.9 

108.3 

108.3 

36.1 

579 

Ratio 

9 

■J                1 

1 

0 

^ 

TablS  16,— Inheritance  of  factors  A  and  (Tl) 


Fs  classes  and  frequencies. 

TotaL 

TlRp 

TIW 

ARp 

AW 

fP72  — iXPaI  — <Wl.— 2 

35+1? 

60 
17 

61 

5+2? 

22-hl? 

3 

(Pi— aXP^o— ^)— I 

\*  •*     '»/^*  oy    0/     * 

Grand  total 

232  +  1? 

77 

66+2? 

25+1? 

404 

Theoretically  expected 

226.8 

75-6 

75.6 

25.2 

404 

Ratio 

9 

3 

3 

I 

TablB  17  .—Inheritance  of  factors  B  and  (Tl) 


Pi  classes  and  frequencies. 

TotaL 

Cross. 

TIB. 

AB. 

Tib. 

Ab. 

(Pi— 4XPw— O  — 1 

52  +  1? 

8+2? 

14 

2 

79 

Theoretically  expected .... 

45 

15 

15 

5 

79 

Ratio 

9 

3 

3 

I 
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Table  18.— /nAmteiic*  cfjactots  (Fa)  and  (Tl) 


Pi  dasaes  and  frequencies. 

Toul. 

Croai. 

UN. 

AN. 

TIP. 

AP. 

(Pi— 4XP^0— ^)— I 

50+1? 

5+1? 

16 

5+1? 

79 

Theoretically  expected .... 

45 

15 

15 

5 

79 

Ratio 

9 

3 

3 

I 

Tablb  19. — Inheritance  of  factors  I  and  R 


Pt  cbflses  and  frcqucncict. 

Total. 

Croes. 

RY. 

RG. 

Wry. 

WrG. 

Ditafrom  Bateaon,  Saunders,  and 
Pmnet  (1905) 

4,9*6 

315 

1, 6ai 
108 

1,656 

lOI 

478 
32 

8,681 
556 

Aom  Mendel's  data  (1865,  p.  19). . 

Crnid  t^al , ,    , 

5»24i 

1,729 

1,757 

510 

9,237 

Theofetically  expected 

5»i95 

1,731 

1,731 

577 

9,237 

Ratio 

9 

3 

3 

I 

Tablb  (20). — Inheritance  ef  factors  I  and  (Tl) 


] 
TIY. 

Ps  classes  and  frequencies 

TIG. 

AY. 

AG. 

TotaL 

^-4XP39-:3)-i 

45 

37 

191 

21 

6 

67 

8 
10 
64 

4 

4 

24 

7« 

^39— iXP^a— i)— I 

(m-xXP4i— 0— I,  —2 

Gnmd  total 

273 

94 

82 

32 

481 

Theoretically  expected 

27a  2 

90.2 

90.2 

30.2 

4«1 

Ratio 

9 

3 

3 

I 

7768*»— 17 
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TablB  21.— Inheritance  ef  factors  (Le)  and  (Tl) 


Cross. 

] 

Ps  classes  and  frequencies 

AD. 

TIT. 

TID. 

16 
9 

AT. 

10 

3 

'«8— iXP^^  — 7)  — I 

26 
25 

4 
3 

S6 
40 

30-5Xi-P38-2o-i)-i,  etc. . 

Grand  total 

SI 

25 

13 

7 

96 

Theoretically  expected 

54 

18 

18 

6 

96 

Ratio 

9 

3 

3 

I 



TablB  22. — Inheritance  of  factors  (Le)  and  R 


Cum. 

Pi  classes  and  frequencies. 

RT. 

RD. 

WrT. 

WrD. 

^8— iXP^«;— 7)— I 

26 
47 

17 
17 

10 
18+ 1? 

56 
87 

O**      *'^*JJ      //      * 

67-6XPi3-3-3)-i.  -2,  -3. . 

Grand  total 

73 

34 

28+1? 

143 

Theoretically  expected 

80.1 

26.  7 

26.7 

8.9 

143 

Ratio 

9 

3 

3 

Table  2^.— Inheritance  of  factors  G  and  (Tl) 


Cross. 

Pi  classes  and  frequencies. 

Total. 

GTl. 

GA. 

YTI. 

YA. 

30-5-iXP38-20-i)-i 

30-5-4XP38-2o-i)-iP 

30-5-4XP38-20-i)-i 

16 

15 
Not  recoi 
noind 
coupli] 

12 

I 

-ded,  but 
ication  of 

8 
Notre 
II 

2 

corded. 
3 

14 

Grand  total 

31 

13 

19 

5 

68 

Theoretically  expected 

37.8 

12.6 

12.6 

4.2 

68 

Ratio 

9 

3 

3 

I 
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Tablb  34. — Inheritance  of  factors  {Bl)  and  S 


does. 

Ps  etc.  classes  and  fiequencies.a 

Total. 

GIFs. 

GlAs. 

EPS. 

BAs. 

138 

57 
70 

3 
0 

4 

6 

2 
4 

31 

21 

5 

177 

80 
83 

265 

6 

12 

57 

340 

226 

17 

17 

64 

324 

89.9 

63-3 

63.3 

21.  I 

338 

ds,  while  "Chenille"  has  emerald  foliage  and  adhering 
ipproximatcs  S:x. 

i  of  factors  A  and  {Lf)^ 


Pt.  Ps.  and  P4  classes  and  frequencies. 


ToUl. 


rE. 


RpE. 


WI.. 


RpL.      1 


te  Prench  Large-Podded  "  (G.  P.)"  and  reciprocal, 
equency  o£  Ps  population.    Por  character  of  other  popu- 
7:x. 
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TABhZ  26.— Inheritance  offacUfts  R  and  (r/)« 


Rcfefcncc  to  cfOM. 


Ft  .etc.  dassct  and  ffeqneiickt. 


RTl. 


RA. 


wm. 


WrA. 


Total. 


RTlXWrA.  (PcUcw) 

CP38-iXP35-7)-i 

Gflind  total 

Calculated  on  63: 1 

Calculated   expectancy   on    no- 
ooupling 


1,466 

45 

1,5" 

1,568.7 

1,188 


20 

z 

21 

16.3 

396 


15 

o 

16.3 
396 


564 

13 

577 

5" 

13a 


a,  065 
59 

2,124 

2,  "3-3 
2,124 


WrTl  XRA  (Pellew) 

Calculated  on  63:1 

Calculated  expectancy    on    no- 
ooupling 


5<» 
5x6.2 

572-3 


270 
257.9 

194. 1 


264 
257-9 

194. 1 


o 
.063 

64.7 


1,036 
1,036 

1,036 


•  Data  ffom  PeUew  (19x3)  and  the  writer's  oirn  cultitres.    Interpretation  f rom  VUmorin  ead  Batew 
(X9xx). 

TABI.B27. — Inheritance  offactars  G  and  0» 


Ft  daties  and  frequencies. 

CroM. 

ca. 

GY!. 

YGf. 

YYf. 

TotaL 

(P2i-i5-xXP30-A-2)-i 

(P2X-I5-lXP30-A-2)-2 

(P3o-5-xXP38-20-i)-i 

',P3o-5-"4XP38-20-i)-i  (670). 
(,P30-5-4XP38-2o-i)-i(67i). 

<  P30-5-4XP38-20-i)-2 

(Pr7— .aVPoo— «:— 7)  — I 

II 
18 

35 
29 

23 
15 

4 
9 

0 

2? 

4? 
0? 
0? 

0? 

0 
0 

0 
I? 
0? 

I', 

10? 
0 

0 

3 

2 

10 
II 

5 

5 
3 

I 

14 
»3 
39 
43 
30 
30 
7 

(Pc7— 2XP^0— ?  — 7)— 2 

10 

Grand  total 

134 

6? 

16? 

40 

106 

Calculated  on  no-coupling. . . 

109.8 

36.6 

36.6 

12.  2 

.96 

Ratio 

9 

3 

3 

I 

«  The  question  maiks  refer  to  the  classifications  of  cotyledon  color,  the  tendency  to  fade  on  more  or  less 
exposure  xnakins  accurate  detenninations  in  the  present  case  difficult.  The  linkage  in  this  case  may  pos- 
sibly be  absolute,  but  data  from  other  crooses  involvinc  these  foiiage  and  cotyledon  color  cfaaiacters  shoir 
undoubted  cases  of  plants  with  freen  cotyledons  and  yellow  foliage.  FUfther,  the  writer  has  a  race  whidi 
btceds  tnic  to  these  chaiactcrs. 
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FUNGUS  FAIRY  RINGS  IN   EASTERN  COLORADO  AND 
THEIR  EFFECT  ON  VEGETATION 

H.  L.  Shantz,  Plant  Physiologist,  and  R.  L.  PibmKissl,  Scientific  Assistant,  Alkali 
mid  Drought  Resistant  Plant  Investigations,  Bureau  of  Plant  Industry,  United  States 
Depariment  of  Agriculture 

*   INTRODUCTION 

The  present  paper  deals  with  fairy  rings  caused  by  fleshy  fungi.  The 
lings  due  to  other  causes,  such  as  the  grass  rings,  are  not  considered. 
The  fungus  rings  are  marked  either  by  the  fruiting  bodies  of  the  fungus 
or  by  a  stimulated  or  a  depressed  growth  of  the  natural  vegetation  or 
the  cultivated  crop.  Fairy  rings  may  become  so  abundant  locally  as 
to  aflfect  materially  the  crop  yields  of  fields.  On  lawns  they  cause 
unsightly  bare  spots  and  dark-green  areas,  and  in  small  experimental 
plots  cause  either  a  total  loss  of  crop  or  a  greatly  increased  yield.  They 
are  undesirable  in  all  cases,  and  their  eradication  is  a  matter  of  practical 
importance.  The  studies  herein  recorded  were  made  on  the  High  Plains 
at  Akron,  Colo.,  during  the  period  1907  to  1916,  inclusive.  The  soil 
studies  were  made  during  the  stmmiers  of  1914,  1915,  and  1916.  The 
native  vegetation  at  Akron  has  already  been  described  in  some  detail 
(Shantz,  1911}.^  It  is  typical  short  grass,  composed  largely  of  Botdeloua 
gracilis  (oligosiachya)  and  BulhUis  daciyioides. 

The  term  "fairy  ring,"  generally  used  to  describe  the  arrangement 
of  plants  in  an  approximately  circular  form,  originated  in  the  belief  that 
these  circular  growths  marked  the  paths  of  dancing  fairies.  Early 
itemture  is  filled  with  tales  of  superstition  concerning  these  rings.  The 
iqierstitions  varied  somewhat  with  the  different  countries.  In  Holland 
these  circles  often  marked  the  places  where  the  devil  churned  his  butter. 
The  presence  of  such  a  ring  on  a  farm  caused  an  inferior  quality  of  butter 
if  the  cows  ate  the  grass  from  a  fairy  ring.  In  Prance  many  people  could 
not  be  induced  to  enter  one  of  these  rings,  because  enormous  toads  with 
bulging  eyes  abounded  there;  but  no  harm  was  experienced  if  the  rings 
were  unintentionally  entered  at  night.  In  Sweden  a  person  entering  a 
fairy  ring  passed  entirely  under  the  control  of  the  fairies.  Treasures  were 
marked  by  such  rings  in  many  places,  but  these  riches  could  not  be 
secured  without  the  help  of  fairies  or  witches.     In  England  it  was  regarded 

1  Bibttocnphk  dtatkns  in  pMcntheses  refer  to  **  Literature  died/'  p.  aAa-us- 

I«mialdAgiiciilbinaR«M«db.  Vol.XI,No.5 

WmWhIob.  D.  C.  Oct.  39,  X917 
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I  Icnow  that  similar  circles  have  been  observed  by  naturalists,  and  by  them  ascribed 
to  tinxnder;  as  we  should  certainly  have  done  in  this  case,  were  it  not  for  the  regular 
anntial  progression,  which,  if  the  effect  of  thunder,  must  follow  rules  not  yet  investi- 
gated, either  in  electricity,  vegetation,  or  the  mineral  system. 

He  examined  the  soil  and  found  no  clue.  At  times  he  also  noticed 
the  presence  of  fungi  in  the  ring,  but  did  not  consider  them  significant. 

Withering  (1796,  p.  222)  definitely  assigned  the  cause  of  fairy  rings 

to  Agaricus  o0^ades, 

I  am  satisfied  that  the  bare  and  brown,  or  highly  cloathed  and  verdant  circles, 
in  pasture  fields,  called  Fairy  Rings,  are  caused  by  the  growth  of  this  Agaric.  .  .  . 
Where  the  ring  is  brown  and  almost  bare,  upon  digging  up  the  soil  to  the  depth  of 
about  2  inches,  the  spawn  of  the  Fungus  will  be  found,  of  a  greyish  white  colour, 
but  where  the  grass  has  again  grown  green  and  rank,  I  never  found  any  of  the  spawn 
existing. 

FUNGI  CAUSING  FAIRY  RINGS 

The  tendency  of  all  fungi  to  grow  outward  from  the  point  of  germina- 
titm  of  the  spore  results  in  circular  colonies  in  a  widely  var3dng  group  of 
ftmgi.  Rings  are  often  noted  among  the  molds.  This  paper  deals  only 
with  rings  formed  by  Basidiomycetes. 

The  first  fairy  rings  noted  which  were  definitely  assigned  to  fungi 
were  caused  by  Agaricus  oceades.  Following  this  report  many  different 
species  were  associated  with  fairy  rings. 

Eleven  years  later  WoUaston  (1807)  extended  Withering*s  observa- 
tioiis  and  reported  rings  formed  by  Agaricus  campestris,  A.  ierreus,  A. 
procerus,  and  Lycoperdon  bovisia.  Most  of  the  writers  following  WoUas- 
ton have  substantiated  his  results  with  the  exception  of  the  following: 
Persoon  (181 9,  p.  4-5)  called  attention  to  the  singular  distribution  of 
mushrooms  in  fairy  rings,  but  stated  that  the  cause  was  not  well  known. 
Lees  (1869)  attributed  the  cause  of  these  rings  to  the  action  of  moles. 
The  burrows  of  these  animals  were  supposed  to  be  marked  by  the  dead 
area  in  the  fairy  ring.  Buckman  (1870)  believed  that  the  fungi  appeared 
as  the  result  oi  the  stimulation  and  death  of  the  vegetation,  and  were 
aot  therefore  the  primary  cause,  although  the  ring  was  often  continued 
and  extended  by  them;  in  fact,  he  thought  that  rings  to  which  ftmgi 
hd  not  become  attached  soon  broke  up  and  disappeared.  Gillet 
(1874,  P-  22}  states  that  it  is  difiicult  to  explain  the  cause  of  the  grouping 
of  some  species  of  mushrooms  in  fairy  rings.  Although  it  is  understood 
tbat  most  of  the  writers  thought  that  one  species  of  fungus  alone  was 
the  cause  of  a  particular  fairy  ring,  only  a  few  writers  stated  so  definitely. 
Greville  (1828,  p.  323)  said  that  he  never  detected  more  than  one  species 
of  fungus  in  the  same  ring.  This  statement  was  also  made  by  McAlpine 
(1898).    Williams  (1901,  p.  207)  stated  that  fairy  rings 

showed  a  similar  disposition  to  encourage  the  more  luxuriant  growth  of  other  species 
of  fungi  that  occurred  elsewhere  in  the  sunoimding  field. 

In  eastern  Colorado  the  fairy  rings  were  never  known  to  have  more 
than  one  species  in  the  fruiting  zone,  although  a  ring  of  Calvatia  cyathi- 
fomUs  was  seen  in  fruit  that  had  smaller  rings  of  Agaricus  campestris 
also  in  fruit,  in  the  inside  (fig.  9). 


Digitized  by 


Google 


Digitized  by 


Google 


Oct  t9. 1917 


Fungus  Fairy  Rings 


195 


Tablb  I.—LUt  of  fungi  reported  as  causes  of  fairy  rings  and  the  names  of  the  investiga- 
tors— Continued 

mSNTiiMBD  FUNGI — Continued 


Species 


Name  used  by  aathor 


Investigators 


CUioc^    maxima    (G&rtn. 
and  Meyer)  Quel. 
Do 


CUiocybe  nehularis  Batsch. 

CoUyoia  confluens  Fr 

Do.. 


CfByWosp 

CirUnarius       ameihystinus 

(Sch.)  Secc. 
CirOnaHus  armillatus  (Alb. 

and  Schw.)  Fr. 

CerUnarius  traganus  Fr 

HAiloma  crustuUniforme  Fr 


Do. 


Hjinum  compactum  Pers. . 

Hydnum  repandum  L 

Hydntmi  suaveolens  ^cop . . 


Hjgrophorus  virgineus 

(Wok)  Vt. 

Inocybe  sp 

Lactocius  insulsus  Fr 

Ladarius  piperatus  (Scop.) 

Fr. 
Lactar  ius  tormino  - 

nu  (Schaeff.)  Fr. 
Ltpioia  nutrgani  Peck 


lepiota  procera  (Scop.)  Quel 

ljc9perdon  boTnsia  L, 

Ijcober don  gemma- 

twi  Batsch. 
IfCfperdon  cyclkum  McAl- 

pme. 

Ijc^perdon  wrightii  B  and  C 
UiwwUus  oreades  (Fr.)  Bolt 


MsroiMif  urens  Fr 

^orchellaesculenia  (L.)  Pers. 
UofdielJa  hybrida  Pers 


Agaricus  maximus  G&rtn. 
and  Meyer  J. 

Agaricus  (Clttocybe)  maxi- 
mus, 

CUtocybe  nebularis  Batsch , 

Agaricus  confluens  Pers. . . 

Agaricus  {Collybia)  conflu- 
ens Pers. 

Collybia  sp 

Inoloma  traganum 


Telamonia  armillata . 


Inoloma  traganum 

Agaricus     crustiliniformis 

Bull. 
Agaricus  (Hebeloma)  crus- 

UUniformis  Bull. 

Hydnum  compactum 

Hydnum  repandum  L 

Hydnum  suaveolens  Scop . 


Hygrophorus  virgineus 

Inocybe  sp 

Laciarius  insulsus 

Laciarius  piperatus  Fr 


Lactarius  torminosus. 
Lepiota  morgani 


AgarictLS  procerus 

Lycoperdon  bovista 

Lycoperdon  pratense  Pers . . 

Lycoperdon  cycUcum,  n.  sp 


Marasmius  oreades. 


Marasmius  oreades  Fr 

Marasmius  oreades  Bolt ... 

Agaricus  or^des 

^'           caryophylleus 
^Sch.)  Schroet. 
Agaricus  oreades 


Marasmius  urens  Fr 

Morchella  esculenta  Bull. . 
Mitrophora  semilibera  DC. 


Mfinch  (1914). 

Do. 

Stahl  (1900). 

Ues  (1869). 

Do. 

Milnch  (1914). 
Ludwig  (1906). 

Do. 

Do. 
Lees  (1869). 

Do. 

Ludwig  (1906). 

Lees  (1869);  Ballion  (1Q06) 

Thomas  (1905);  Coulter, 

Barnes,      and      Cowles 

(1911). 
Lees  (1869). 

Williams  (1897). 
Ludwig  (1006). 
Lees  (1869). 

Ludwig  (1906). 

Williams    (1901),    Shantz 

and  Piemeisel. 
WoUaston  (1807). 

Do. 
Ballion  (1906). 

McAlpine  (1898). 

Shantz  and  Piemeisel. 

Lawes,  Gilbert  and  War- 
rington (1883);  Williams 
(1897);  Coville  (1898); 
Massart  (1910);  Bayliss 
(1911). 

Molliard  (1910). 

Ballion  (1906). 

Withering  (1796). 

Reed  (1910). 

Wollaston  (1807);  Torden 
(1862);  Buckman  (1870); 
Van  Tieghem  (1884); 
RitzemaBos(i9oi);  Lud- 
wig (i9o6);Lees  (1869). 

Lees  (1869). 

Ballion  (1906). 
Do. 
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TablS  I. — List  0/ fungi  nported  as  causes  of  fairy  rings  and  names  of  the  invesOga- 

/Of j^— continued 

IDBNTIPIBD  FUNGI— continued 


Spedes. 


Name  tued  by  author. 


Investigators. 


Paxillus  involuius  (Batsch.) 

Fr. 

Pluteus  cervinus  Schaeff 

TricholomacolumbettaFr 

Tricholoma  equestre  I< 

Tricholoma   grammopodium 

Fr. 
Do 


Tricholoma  melaleuca  (Pcrs.) 

Quel. 
Tricholoma  personaium  (Fr.) 

Quel. 

Do 

Do 

Tricholoma  praemagnum 

Tricholoma  sp 

Tricholoma  terreumSchatft. 
Tuber  sp 


Paxillus  involuius. 


Tricholoma  columbella. 


Agaricus      grammopodium 

Bull. 
Agaricus  (Tricholoma) 

grammopodtus  Bull. 


Agaricus  bicolor 

Agaricus  personatus 

Agaricus  (Tricolama)  per- 
sonatus Fr. 
Tricho  loma  praemagnum. . . 

Tricholoma  sp 

Agaricus  terreus 

Tuber  sp 


Ludwig  (1906). 

Charles. 
Massart  (1910). 
Charles. 
I^es  (1869). 

Do. 

Shantz  and  Piemeisel. 

Miinch  (1914)- 
Buckman  (1870). 
Lees  (1869). 

Ramaley  (1916J. 
Williams  (1901). 
WoUaston  (1807). 
TulasneandTulasne  (1851). 


FUNGI  OP  DOUBTFUL  IDENTITY 


Tricholoma  graveo  lens  (Pers.) 
Quel. 

Tricholoma  gambosum  Fr 

Hydnum  cyathiforme  Schaeff . 

Hydnum  candicans  Fr 

Caldesiellaferruginosa  Sacc . . 


Agaricus  graveo  lens. 


do 

Hydnum  tomentosum. 

do 

do 

Agaricus  multifidus. . . 


Way  (1847). 

Do. 
Irudwig  (1906). 

Do. 

Do. 
Jorden  (1862),  Ritzema  Bos 
(1901). 


TYPES  OF  FAIRY  RINGS 

The  present  paper  is  concerned  only  with  fairy  rings  produced  as  a 
result  of  the  growth  of  fleshy  fungi.  When  the  fungi  are  in  fruit,  these 
rings  are  easily  distinguished  by  the  more  or  less  regular  arrangement 
of  the  fruiting  bodies  (PI.  13,  A).  At  other  times  the  ring  is  easily 
distinguished  by  the  appearance  of  the  natural  vegetation  (PI.  13,  B). 
The  differences  in  appearance  of  the  vegetation  in  the  ring  as  compared 
with  that  outside  consist  principally  in  a  deeper  color,  due  largely  to 
greater  chlorophyll  content  of  the  plants  and  in  a  more  luxuriant 
growth,  and  in  certain  cases  in  a  zone  of  bare  ground  or  dead  vegetation 
near  the  outer  edge  of  the  ring. 

Before  taking  up  a  detailed  description  of  the  various  types  of  rings 
found  in  eastern  Colorado  it  seems  desirable  to  review  briefly  the  de- 
scriptions already  published. 

Button  (1790)  described  a  ring  as  consisting  of  three  tracks,  of  which 
the  first  was  a  zone  of  dead  or  withered  grass;  the  second  lay  just  within 
and  ran  parallel  to  the  first  and  appeared  as  a  black  zone  of  rotten 
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grass;  and  the  third,  a  dark-green  zone  of  grass  occurred  partly  on  the 
Uack  zone  of  rotten  grass,  but  mostly  on  a  smaller  zone  which  had  been 
formed  the  year  preceding. 

Practically  every  writer  on  this  subject  has  included  in  his  account  a 
description  of  the  rings.  Few  of  these  added  materially  to  the  de- 
scription given  by  Hutton. 

Westerhoff  in  1859  (in  Ritzema  Bos,  1901)  distinguished  fairy  rings 
fonned  by  fungi  and  those  formed  by  other  causes.  The  fungus  rings 
loraied  more  or  less  complete  circles,  extending  externally  every  year. 
They  consisted  qf  a  zone  of  luxuriant  grass  of  a  dark-green  color,  sur- 
rounded by  a  circle  of  mushrooms  (about  August)  and  this  in  turn 
sorrounded  by  a  circle  of  withered  grass.  The  inside  of  the  ring  appeared 
tbe  same  as  the  outside. 

Jorden  (1862)  called  attention  to  the  green  or  brown  rings  and  irregu- 
lar dead  patches,  which  were  known  as  fairy  rings. 

Buckman  (1870}  and  Kuperus  (1876)  described  rings  as  formed  of 
two  bands,  the  inner  one  of  fresh,  green,  luxuriant  grass,  and  the  outer 
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Pb.  z.— a  sketch  d  a  fairy  ring  produced  by  Maratmms  ortadss.  The  center  of  the  circle  is  represented 
by  O.  TbeTeBCtatioain  the  central  part  d  the  circle  is  represented  at  x;  the  iziner  stimulated  zone  at  a, 
a  bare  nne  at  3;  and  the  outer  stimulated  zoneat  4.  Thenonnalvesetationissho'wnats.  Themycdium 
is  KiMfSfnted  by  the  dotted  portioa.  The  dotted  line  paadng  from  sone  a  to  4  faidiotes  the  lelatxve 
plmt  growth  during  the  early  qving  when  water  it  abundant  (from  MoUaid,  19x0). 

one  of  more  or  less  brown  herbage  or  bare  soil.  Buckman  stated  further 
that  the  fungi  appeared  in  this  outer  ring.  He  also  described  rings 
which  consisted  of  only  the  fresh  green  ring  and  often  produced  no  fungi. 
Rings  consisting  of  an  outer  dark-green  zone,  an  intermediate  yellow 
zone  in  which  the  grass  was  dead,  and  an  inner  green  zone  were  de- 
ictibed  by  Van  Tieghem  (1884,  p.  1044-1045).  In  certain  years  the 
outer  green  band  showed  a  large  number  of  fungus  fruits. 

Sorauer  (1886,  p.  270-272)  stated  that  the  rings  usually  consisted  of 
a  green  ring,  ^d  that  it  is  only  during  an  exceptional  year  that  fungus 
fruiting  bodies  occur,  whUe  Stahl  (1900,  p.  666-667)  described  a  ring 
distinguished  by  tall  and  robust  plants  of  Geranium  robertianum. 
Complete  rings  so  bare  of  grass  as  to  resemble  footpaths,  formed  by 
"ajcW        Lycoperdan  cydicum  on  a  bowling  green,  were  described  by  McAlpine 

(1898). 

^  ■  BaUion  (1906)  gave  detailed  descriptions  of  rings  fonned  by  Maras- 

jg.  H        mm  oreades,  Trichdoma  georgii,  Psallioia  arvensis,  Lycoperdon  pratense. 
These  were  grouped  on  the  basis  of  (i)  the  place  in  the  ring  occupied  by 
^  ■        thefndting  bodies;  (2)  whether  the  vegetation  was  killed. 
^  H  A.  ring  of  Marasmius  oreades  in  the  month  of  September  was  described 

^  H        by  Holfiard  (1910,  p.  63,  fig.  i)  as  follows:  There  were  three  distinct 
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zones:  Beginning  at  the  center  (o,  fig.  i)  the  first  zone  was  an  internal 
one  (2)  where  the  phanerogamic  vegetation  contrasted  sharply  with  the 
normal;  the  second  zone  (3)  a  middle  one  where  the  herbage  was  with- 
ered and  where  the  fruits  erf  M .  oreades  occurred;  and  finally  an  external 
zone  (4)  larger  than  (2)  the  internal  zone,  where  the  v^etation  was 
greener  and  taller  than  the  inside  (i)  or  the  outside  (5). 

Mflnch  (1914)  described  and  illustrated  a  ring  formed  by  Agaricus 
(Clitocybe)  maximus  which  had  a  stimulated  zone  outside  as  well  as 
inside  a  well-defined  dead  zone.  It  differed  from  the  rings  described 
by  other  investigators  in  that  the  dead  zone  was  lined  with  fruiting 
bodies  both  on  the  exterior  and  interior  sides. 

Fairy  rings  caused  by  fleshy  fungi  may  be  divided  into  types  on  the 
basis  of  their  effect  on  the  vegetation.  It  is  apparent  from  a  review  of 
the  literature  that  the  effect  of  the  various  fungi  on  the  vegetation  varies 
greatly  in  different  locations  as  the  probable  result  of  the  different 
climatic  and  weather  conditions. 

In  eastern  Colorado  the  following  types  of  fairy  rings  may  be  distin- 
guished: (i)  Those  in  which  the  vegetation  is  killed  or  badly  damaged, 
caused  by  Agaricus  tabularis;  (2)  those  in  which  the  vegetation  is  only 
stimulated,  caused  usually  by  species  of  Calvatia,  Catastoma,  Lycoperdon, 
marasmius,  etc.;  and  (3)  those  in  which  no  effect  can  be  noted  in  the 
native  vegetation,  caused  by  Lepiota  spp. 

RINGS  MARKED  BY  A  ZONE  OP  DEAD  VEGETATION 
RINGS  PORICBD  BY  AGARICUS   TABULARIS 

The  rings  formed  by  Agaricus  tabularis  Peck  vary  in  size  from  a  few 
meters  to  70  meters  across.  These  rings  are  often  complete  and  circular, 
the  advance  in  all  directions  having  been  nearly  uniform  (PI.  13,  A;  18; 
20;  30,  A).  More  often,  however,  the  ring  is  broken  at  certain  points,  and 
the  larger  rings  are  usually  formed  by  a  series  of  arcs  which  do  not  come 
into  contact  with  each  other  but  which  show  approximately  equal  radii 
(fig.  2). 

In  figure  3  is  given  a  diagram  and  in  figure  4  a  bisect  of  a  typical  ring 
formed  by  Agaricus  tabularis.  At  A  the  zones  are  shown  as  they  are 
distinguished  during  a  period  favorable  for  the  growth  of  the  fungus 
and  the  production  of  fruiting  bodies.  (PI.  13,  A;  14,  A;  19.)  The  ring 
consists  of  a  series  of  three  zones  surrounding  an  area  of  normal  short  grass 
sod,  which  constitutes  the  inside  of  the  ring  (i).  Next  to  this  area  occurs 
a  broad  zone  differing  from  the  natural  sod  in  botanical  composition,  in 
the  more  luxuriant  growth,  and  in  the  deeper  green  color  of  the  vegetation. 
This  is  the  inner  stimulated  zone  (2).  This  wide  green  zone  is  the  most 
prominent  part  of  the  rings  in  spring  or  in  wet  seasons.  The  bare  zone  (3) 
is  not  as  broad  as  the  inner  stimulated  zone  and  is  somewhat  more  irregu- 
lar.    In  this  zone  the  vegetation  is  often  entirely  dead,  but  in  many 
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Flo.  «.— A  nap  of  an  area  of  400  by  6ao  meCo^  lying  just  west  dL  the  experiment  statka  and  north  of  tht 
docicot  Burlmcton  &  Quincy  R.  R.  neac  Akron,  Colo.  The  dotted  line  represents  a  fire  break 
l*>*«d  OMh  fan  and  of  about  9  meters'  width.  This  area  indudes  a  total  of  69  rings  or  fraemcntt  of 
"BfK  «5  we  AgoncMS  iabtdaris,  14  Cahaiia  cyaikiformis,  3  Catastoma  suUerranet&m,  and  zo  are  nnidenti- 
fied  rings.  No  rings  of  Agaricut  campestris  were  noted  in  this  section,  although  many  grow  at  other 
^•ccs  on  the  plains.  From  as  to  z  per  cent  of  thetotal  land  area  here  shown  lies  withfai  the  zoneof 
■ftnceof  these  fairy  rings.  The  fmiting  bodies  at  the  time  the  map  was  made  are  represented  by 
dots. 
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cases  a  few  very. poor  perennials  or  short-lived  annuals  may  be  found. 
This  zone  is  the  distinguishing  feature  late  in  stunmer  and  fall  or  in  dry 
seasons.  If  rains  are  frequent,  scattered  annuals  succeed  fairly  well 
even  on  this  area.  Beyond  the  bare  zone  there  occurs  a  rather  narrow 
zone,  the  outer  stimulated  zone  (4},  resembling  somewhat  the  inner 
stimulated  zone,  but  being  for  the  most  part  made  up  entirely  of  plants 
which  characterize  the  native  sod.  The  sporophores  occur  in  this  zone, 
near  the  outer  edge.  Outside  this  zone  normal  native  short  grass  is 
found  (5). 


FU.  3.— A  sketdi  showing  Uie  different  zooet  in  a  typical  ring  fonned  by  Agaricus  tabuicris.  At  A  the 
afypearance  d  the  ring  is  shown  during  a  period  d  ample  moisture  supply.  At  B  the  appearance  during 
a  period  of  deficient  moisture  supply.  The  vegetation  on  the  inside  (x)  b  normaL  In  the  inner  stim- 
nlated  zone  (a)  the  greatest  stimulation  occurs  near  the  bare  xone.  The  bare  zone  (3)  is  usually  devoid 
of  vegetation,  or  contains  only  scattered  plants.  The  outer  stimulated  zone  (4)  contains  the  fruiting 
bodies  of  the  fungus  and  differs  from  the  vegetation  outside  only  in  color  and  in  more  luxuriant  growth; 
outside,  the  vegetation  is  nonnal  (5).  In  B  the  same  zones  are  shown  as  in  A,  except  the  outer  stimulated 
zone  which  is  here  shown  as  the  withered  zone  (4a).  In  this  zone  the  plants  not  only  wither  but  with  . 
continued  droughts  will  die,  and  the  area  of  this  zone  be  added  the  following  year  to  that  of  the  bare 
zone. 

At  B  the  zones  are  shown  as  they  appear  during  a  period  not  favorable 
to  fungus  growth.  During  the  late  summer,  when  the  moisture  supply 
is  deficient,  or  during  a  dry  year  following  a  wet  year  (PI.  i6)  the  ring 
presents  a  very  different  appearance  from  that  described  above. 
The  inner  stimulated  zone  (2)  ripens  or  dries  up  as  dry  weather  comes 
on  and  usually  presents  a  brown,  dead  appearance,  although  the  peren- 
nials remain  alive  in  a  dormant  condition.  If  the  season  is  dry,  this 
zone  (2},  while  noticeably  different  from  the  natural  sod  inside  (i),  does 
not  show  the  luxuriant  growth  so  characteristic  of  a  wet  year.  During  a 
dry  year  the  bare  zone  (3)  is  unusually  prominent,  since  not  even  the 
short-lived  annuals  appear,  and  the  zone  is  named  from  its  appearance 
during  drouth  periods.    Such  periods  are  characteristic  of  eastern  Colo- 
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lado.  The  withered  zone  (4a}  is  characterized  by  the  dry  v^jetation, 
which  during  the  more  favorable  period  had  marked  the  outer  stimu- 
lated zone  (4).  During  a  dry  year  the  short  grass  in  this  area  is  withered 
and  often  perfectly  air-dry  when  the  adjacent  sod  is  still  green. 

RINGS  MARKED  ONLY  BY  A  ZONE  OF  STIMULATED  VEGETATION 

Most  of  the  fungi  forming  fairy  rings  in  eastern  Colorado  produce  only 
a  temporary  stimulating  effect  on  the  vegetation.  In  this  group,  there- 
fore, the  presence  of  fungi  is  indicated  by  an  increase  in  the  size,  vigor, 
and  chbrophyll  content  of  the  annuals  and  of  the  perennial  grasses. 

KINGS  FORMED  BY  CALVATIA  CYATHnrORMIS 

A  large  number  of  the  rings  marked  only  by  a  zone  of  stimulated  vege- 
tation are  produced  by  Calvatia  cyalhiformis  Bosc  (fig.  5,  6).  They  are 
usually  much  less  conspicuous  than  those  formed  by  Agaricus  iahularis. 


no.  4-'-A  bbect  of  the  Agarictu  tabularu  rinc  shown  in  figure  3  at  A.  The  vegetation  on  the  inside  and 
oBtside  does  not  differ  noticeably.  The  outer  stimulated  zone  in  which  tlie  fungus  fruits  are  produced 
hsepareted  from  tlie  inner  stimulated  zone  by  a  bare  zone  in  which  plants  are  only  occasionally  found. 
Ihedistiibation  of  the  mycelium  in  the  soil  is  also  indicated  in  the  iUustration. 

In  size  they  are  often  much  larger.  Several  rings  have  been  observed 
which  exceed  200  meters  in  diameter  (PI.  24,B}.  In  periods  when  the 
nngs  are  not  marked  by  fruiting  bodies  these  rings  can  be  distinguished 
from  Agaricus  by  the  sterile  bases  of  the  fruits  of  Calvatia  cyaOviformis 
which  remain  on  the  ground  from  one  year  to  another,  or  by  the  natural 
vegetation  which  usually  presents  a  stimulated  appearance,  but  seldom, 
if  ever,  is  damaged  by  the  presence  of  the  fungus.  The  annuals  in  the 
rings,  which  grow  much  taller  than  in  the  adjacent  areas,  are  prominent 
both  during  their  period  of  rapid  growth  and  after  they  have  ripened,  at 
which  time  the  rings  appear  as  dark-yellow  or  brown  circles  on  a  uni- 
formly light-green  short-grass  cover. 

A  sketch  of  a  ring  formed  by  this  fungus  is  shown  in  figure  5.  The  first 
crop  of  fruiting  bodies  occurs  at  the  outer  edge  of  the  stimulated  zone. 
The  v^tation  in  this  zone  consists  of  the  same  species  as  the  native  sod, 
bat  the  growth  is  more  luxuriant  (PI.  25,A}.  This  is  especially  noticeable 
in  the  short-lived  annual  plants  which  stand  up  prominently  above  those 
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f  in  the  short-grass  vegetation  and  form  rings  marked 
area  or  by  the  occurrence  of  the  fruiting  bodies.  The 
small,  seldom  exceeding  6  to  10  meters. 

NO     NOTICEABLE     EFFECT     ON     THE     NATURAL 
VEGETATION 

Lepiota  morgani  Pk.  was  noted  in  the  bimch- 
na,  Colo.  (PL  26,B;  27,C).  The  ring,  approxi- 
eter,  was  composed  of  about  63  fruits  (fig.  7). 
a  the  vegetation.  It  is  possible,  however,  that 
)ed  on  the  hard  land  in  the  short-grass  cover, 
a  more  noticeable. 
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figure  5.    In  the  cftte  dL  Calvatia  cyaihiformis  the  distributioa  of  the 
II  the  toil.    The  stimulated  zone  Hcs  just  inside  the  zone  d  fruiting 


[BUTION  OF  FAIRY  RINGS 

he  most  part  in  grass  lands,  but  have  been 
a  forests.  Most  of  the  investigators  refer  to 
aed  in  grassy  areas  and  marked  by  the  more 
s.  The  following  authors  discuss  rings  in. this 
\y  (1717,  p.  122-123)  Hutton  (1790),  Wollaston 
837*  P-  179-181),  DeCandolle  (in  Way,  1847), 
1 1859  (tnRitzema  Bos,  1901),  Berkeley  (i860), 
»ke  (1866),  Lees  (1869),  Buckman  (1870),  Gil- 
176),  Lawes,  Gilbert,  and  Warington  (1883), 
44-1045),  Sorauer  (1886,  p.  270-272),  Treichel 
rAlpine  (1898),  Coville  (1897,  1898),  Atkinson 
litzema  Bos  (1901),  Bdlle  (1904,  p.  380-381), 
[1910),  Massart  (1910),  Bayliss  (191 1),  Mdnch 
6). 

1  fairy  rings  in  forests  or  about  trees:  Tulasne 
•158),  Stahl  (1900,  p.  666-667),  Thomas  (1905), 
)io),  and  Coulter,  Barnes,  and  Cowles  (1911, 

^181)  called  attention  to  the  fact  that  rings 
>n  prairies  that  are  not  very  fertile  and  where 
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grass  is  short  and  yellow.    Gilbert  (1875)  stated  that  it  is  known 

t  fairy  rings  occur  chiefly,  though  not  exclusively,  on  poor  pastures, 

i  that  they  are  discouraged  by  especially  high  nitrogenous  manuring. 

zema  Bos  (1901)  stated  that  the  best  fairy  rings  are  produced  during 

ler  dry  seasons,  and  that  mushrooms  usually  occur  in  meadows 

^re  the  organic  matter  is  not  abundant. 

)n  the  Great  Plains  fairy  rings  have  been  noted  in  all  sections  from 

:as  to  Montana.    Their  abundance  in  certain  areas  is  illustrated  in 

ire  2.     This  map  covers  an  area  of  three-fourths  of  a  mile  by  one-half 

die  of  unbroken  native  sod  lying  just  west  of  the  Akron  experiment 

farm,  near  Akron,  Colo. 
•   •  •    • 
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A  total  of  62  rings  or 
fragments  of  rings  is 
shown  on  this  map. 
From  0.5  to  i  per  cent 
of  the  total  soil  area 
lies  within  the  zone  of 
influence  of  these  rings. 
This  area  contains  35 
Agaricus  rings,  14  Cal- 
vatia  rings,  3  Cata- 
stoma  rings,  and  10 
unidentified  rings. 
Throughout  the  whole 
of  eastern  Colorado, 
especially  on  the 
**hard"  land  (charac- 
terized by  the  pure 
short-grass  cover), 
fairy  rings  occur  often 
p-eat  abundance.  Many  other  areas  might  have  been  chosen  which 
lid  show  an  equal  or  possibly  even  greater  number  of  rings, 
ibout  one-half  of  the  area  shown  in  this  map  was  plowed  in  the  fall 
[915  and  seeded  to  Turkey  wheat.  During  191 6,  an  exceptionally 
year,  the  area  was  remapped.  The  results  of  this*  remapping  are 
wn  in  figure  8. 

CAUSE  OF  ADVANCE 

lutton  (1790)  noted  the  regular  annual  progression  of  fairy  rings,  but 
Uaston  (1807)  was  the  first  to  discuss  the  cause  of  this  progression, 
came  to  the  conclusion  that  the  ring  was  formed  by  a  progressive 
[-ease  from  a  central  point  due  to  the  exhaustion  in  the  central  area 
K)me  particular  ** pabulum"  necessary  for  the  further  growth  of  the 
gus;  hence,  the  new  growth  of  the  fungus  "roots"  extended  solely 
he  opposite  direction — that  is,  outward.     He  confirmed  his  theory  by 


7.— A  •ketch  of  a  fairy  nng  f onned  by  L$pio§a  morgani  southeast 
of  Yuma,  Colo.    No  effect  could  be  noted  on  the  vcKetation. 
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the  observation  that,  where  two  circles  met,  both  were  obliterated  at  the 
point  of  contact,  and  said: 

The  exhaustion  occasioned  by  each  obstructs  the  progress  of  the  other,  and  both 
are  starved. 
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Ffec  ft.— Remapped  area  shown  in  figure  9.  During  the  fall  ofi9zs  a  portion  o£  the  area  mapped  in  figure  a. 
MS  plowed  ahd  planted  to  fall  wheat.  During  June.  19x6.  the  area  was  remapped.  This  area  is  400  by 
990  meten  and  comprised  the  portion  lying  next  to  the  experiment  sUtion  grounds.  A  oompari* 
acn  with  figure  a  wiH  show  that  none  of  the  Calvatia  rings  could  be  detected  in  the  wheat  crop  the  foUow- 
iacycar.  OC  za  Agaricus  rings  mapped  in  19x5.  9  were  easily  detected  in  the  wheat  field  in  19x6. 

Way  (1847,  p.  43)  thought  that— 

The  theory  of  de  Candolle,  that  these  rings  increase  by  the  excretions  of  these  fungi, 
beii^  faiTorable  for  the  growth  of  grass  but  injxirious  to  their  own  subsequent  develop- 
ment on  the  same  spot,  was  insufficient  to  explain  the  phenomena. 
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be  due  to  chemotropic  stimulation  or  to  the 

material  or  water  is  usually  more  abundant 

content  of  ammonia  and  nitrates  in  the  soil 

o     ^  8  ooo  J        * 
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iftt/ormtf ,  tlmost  oomi>lete  and  65  meten  in  dkmeter.  The  ring 
L  had  amMtftntly  prodnoed  aa  tn^Sm  crop  of  54  pofflMdls.  This 
-cat  number  of  tmaU  rinfs  produced  by  Agwkui  comp^siris  were 
rrupted  thtCttnttim.  tinm  at  all  pointi  except  on  the  upper  rifht- 
ence  that  the  C.  cyaUuformit  ditpkoed  A.  emrnpulris,  althonih  a 
ited  on  the  upper  right-hand  portion  of  the  figure.  This  ring  was 
i  June  99,  X916.  It  should  be  noted  that,  although  OalyatJa  and 
egion  about  Yuma  and  on  the  Wray  Divide  in  19x6,  no  fruiting 
records  in  Table  n  are  for  the  vidnity  of  Akron  and  are  not  general 
ate. 

ion  of  the  m3rcelitun  may  also  play  a  part. 

when  they  come  in  contact  with  each  other 

The  inside  of  large  rings  of  one  species  is 

smaller  rings  of  another  species  (fig.  9),  and 
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in  one  case  a  ring  of  Calvaida  cyaihiformis  had  five  large  fruiting  bodies 
in  the  area  inside  the  ring.  Two  of  these  fruiting  bodies  were  near  the 
center  of  the  ring,  while  three  were  situated  about  midway  between  the 
center  and  the  stimulated  zone.  But  the  period  of  time  which  had 
elapsed  since  the  soil  mass  was  infected  by  the  fairy-ring  ftmgus  may 
have  been  sufficient  for  the  organic  matter  and  the  other  conditions  of 
the  soil  to  have  again  become  normal. 

EFFECT  OF  SOIL  AND  WEATHER  CONDITIONS  ON  THE  PRODUCTION 
OF  FRUITING  BODIES 

The  production  of  fruiting  bodies  seems  to  be  dependent  largely  on 
the  soil  and  weather  conditions.  Jorden  (1862)  called  attention  to  the 
influence  of  weather  conditions,  especially  warmth  and  moisture,  on  the 
production  of  fruiting  bodies  in  fairy  rings.  One  ring  of  Agaricus 
gigatUeus  fruited  only  once  during  a  period  of  50  years'  observation. 

In  Table  II  are  shown  the  dates  on  which  the  fungi  fruited  abundantly 
in  the  vicinity  of  Akron,  Colo.,  during  the  years  1907-19 16,  inclusive. 
These  records,  taken  from  field  notes,  are  probably  complete,  except 
for  the  occasional  production  of  fruiting  bodies  in  a  small  area  under 
abnormally  favorable  conditions  caused  by  local  showers  or  drainage 
water.* 

TablS  II. — DaUs  on  which  fungi  hav€  bmn  noUi  in  fruit  in  Ike  fairy  rings  at  Ahron,  Cole, 


Yar. 


Date  of  oocurrcnce  cf  (ruitinc  bodies. 


Agarietu  tthuhrit. 


CahaOa  cyatUformis. 


Calvatia  pidyoonia. 


1907. 
1908. 

1909. 

1910. 
1911. 
1912. 

1914. 
1915- 


June  31. .. 
June  3-19. 


July  a6 . 


8 


une  t3~i9. 
July  13-17. 
Au^tist .... 


June. 


July  ao. 

July  6. 
August  xo. 
August. 

September  13. 


rjuncs-24 

\August  z6-3o. 


} une  21 
une  X4-24 — 
August  i6-ao. 


Mime  J 


Calvaiia  cyaihiformis  was  noted  in  six  of  the  nine  years,  CalvaUa  poly- 
gonia  in  five,  and  Agaricus  iabularis  in  but  three.  A.  iabularis  fruited 
earlier  in  the  season  than  the  other  fungi.  During  1909  and  1915,  when 
conditions  were  most  favorable  for- the  growth  of  these  fungi,  A.  iabu- 
laris fruiting  bodies  appeared  early  in  June,  followed  about  10  days  later 
by  fruiting  bodies  of  Calvaiia  cyaihiformis.     A  second  and  very  light  crop 

1  In  19Z  a  Uie  writers  wcK  abfent  durinc  the  tetter  port  of  May  and  Uie  greater  port  of  June.  «^ 
were  secured  until  June  19.  alter  which  date  funfi  were  not  noted.    Mr.  Robert  D.  Rands,  who  assisted 
hi  the  alkali  and  drought  resistant  plant  investigations  at  Akron.  Colo.,  photographed  a  ring  o£  C^hatia 
<9«lNfofMtf  early  in  June.    It  tecois  imfitotMble  that  Agaricm  fruited  during  this  year,  ancc  onir  «  ^ 
Calvatia  fruits  and  no  fruits  of  Agaricus  were  noted  by  Mr.  Rands. 
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of  each  of  these  fungi  occurred  on  August  16,  1915,  following  a  rain  on 
August  14  of  0.43  inch.  Similarly  C.  cyaihiformis  produced  on  July  13, 
1909,  a  second  crop  following  a  series  of  heavy  rains  (2.80  inches)  on 
July  7-9. 

CdvaUa  polygonia  fruited  later  in  the  season.  The  earliest  record  of 
its  occurrence  was  June  21,  1915.  In  1909  it  was  found  in  fruit  on  July  6 
and  again  on  August  10.  It  did  not  fruit  as  freely  as  did  Calvatia  cyathi- 
fomUs,  and  often  the  rings  produced  only  one  or  two  fruiting  bodies  at 
a  time. 

In  Table  III  is  shown  a  summary  of  the  weather  conditions  *  for  each 
of  the  years  here  considered,  with  the  exception  of  1907,  during  which 
year  no  determinations  are  available.  The  data  are  summarized  for  the 
moaths  of  May,  June,  July,  and  August. 

Soil  moisture  was  the  chief  factor  in  controlling  the  fruiting  of  these 
fiingi.  If  during  May  and  June  the  soil  of  the  first  and  second  foot  was 
mdst  throughout,  these  fimgi  fruited  rather  abundantly.  If  the  soil 
was  dry  even  during  a  part  of  this  period,  the  fruiting  bodies  were  not 
produced.  These  data  are  not  taken  from  moisture  determinations  in 
the  fungus  ring  but  from  determinations  in  the  t3rpical  short-grass  sod. 
As  will  be  shown  later,  the  moisture  conditions  in  the  Agaiicus  rings 
are  not  as  favorable  as  those  shown  in  this  table. 

In  1909  and  1915  the  soil  of  the  first  and  second  foot  was  moist  dur- 
ing the  month  of  June,  and  the  fungi  fruited  abundantly  throughout 
this  period.  In  19 12  soil  moisture  conditions  seem  to  have  been  favor- 
able during  June.  The  failure  of  Agaricus  tabularis  to  fruit  at  this  time 
may  have  been  due  to  the  very  extreme  conditions  of  drouth  during 
the  pieceding  season.  In  1914  Calvatia  cyaihiformis  fruited  sparingly 
but  i4.  tabularis  produced  no  fruiting  bodies.  The  impervious  nature  of 
the  soil  in  Agaricus  rings  probably  explains  the  absence  of  fruiting  bodies 
cf  this  fungus  in  1912  and  1914,  following  the  dry  years  191 1  and  1913. 
On  the  basis  of  soil  moisture,  1909  and  191 5  were  the  most  favorable 
jeais. 

The  rainfall  was  heavier  in  1909  and  191 5  than  in  any  other  year. 
Tbe  combined  rainfall  in  May  and  June,  the  period  during  which  it  would 
be  most  important  as  a  factor  in  fungus  growth,  was  especially  low  in 
1910,  1911,  1913,  and  1916,  the  years  during  which  ftmgi  did  not  fruit. 

Tbe  number  of  rainy  da3rs  gives  a  better  idea  of  the  general  conditions 
of  humidity  than  does  the  amount  of  rainfall.  Rainy  da3rs  were  more 
numerous  during  May,  June,  July,  and  August  in  191 5  than  during 
any  other  year,  including  1909,  when  a  good  crop  was  produced.  In 
the  period  for  191 5  more  than  half  the  da3rs  were  rainy.  Evaporation 
was  lowest  in  191 5.  A  comparison  of  the  evaporation  rate  in  June, 
19151  with  that  of  the  same  month  in  1909  shows  conditions  to  have  been 

*  Vm  tbe  ivcathcr  d«U  hoe  icoofded  Uie  writen  ue  indebted  to  Dr.  I«.  J.  Briggs,  Biophysicist  in 
C^Bfcoi  tbe  Office  of  Blophyrical  Inrestisations,  Bureau  ol  Plant  Industry. 
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much  more  extreme  in  1909  than  in  1915.  The  years  1908,  191 1,  1913, 
and  1 91 6  were  the  most  extreme,  to  judge  from  the  evaporation  rates. 
It  was  during  these  years  that  no  fruiting  bodies  were  observed. 

TablS  III. — lV€aik4r  and  soil  conditions  durina  tin  montiis  of  May  to  August  for  the 
years  igo8  to  IQ16  at  Akron  ^  Colo  A 


CoadHson  uid  month. 


Bvapontion  (inches): 


•y. 
June.. 
July.... 
AttfUft. 

Mesn. 


RtinfaU  (mdies): 

May 

June 

July 

Auguit 


Metn. 


Rainy  days  (trace  or  over): 

May 

June 

July 

August 


Mean. 


Mean  temperature  (*P.): 

May 

June 

July 

August 


Mean. 


Soil  temperature  (*P.): 

May 

June 

July 

August 


Mean. 


Maximum  air  temperature 
(•F.): 

May 

June 

July 

August 

Minimum  air  temperature 
(•P.): 

May 

June 

July 

August 

Number  of  days  during 
which  available  soil  mois- 
ture was  recorded  in  the 
firstfoot: 

May 

June , 

July 

August 

Numbo-  of  days  during 
which  available  soil  mois- 
ture was  teoorded  in  sec- 
ond-foot: 

May 

June 

July 

August 


1908 


7.709 

a.  637 
8.474 

7.8a6 


8.X63 


3.30 
a- 37 
9.4a 
x-47 


a.  39 


9 
z8 


90 
93 
94 
9« 


84 
4X 

49 
46 


&8a5 
7.0Q3ac 
9.396c 
8.538 


7-941 


X187 
3-3a«C 
4.6XC 
3-77 


3-39 


xsac 
9C 

6 


8S 

93ac 
94c 
9S 


4xac 

SIC 

St 


x8c 


3oac 

X9C 


5-797 
8.721 
9.763 
7.  I4ac 


7.856 


9.06 
x.j8 
«.47 
3-7ac 


9.16 


X3 
5 
5 

X9C 


87 

95 
xoo 
9SC 


*9 
3« 
SX 

3XC 


7.3*3 
9- 753 
9.774 
8.944 


8.949 


X.15 
X.48 
x-34 
1.30 


i.3« 


7.097 
6.7SOC 
7.6x8 
7.048 


7.  X28 


9.86 
3- 39c 
3-5» 
x.s8 


9.60 


X5 

XXC 

X7 


9« 
89c 

96 

96 


98 

37c 

47 

48 


30C 
X3 


30C 
83 


5.835 
8.178 
9.«S9 
9.309 


8.144 


X.44 
X.3S 
X.85 
X.  14 


X.45 


9X 
97 
X03 
98 


5.608 
7-S09C 
8.654 
8.364 


7-534 


1.46 
3.54c 
X.66 
1.05 


X.93 


IXC 

17 

X4 


S-033 

s.8«3«: 

6.660 

5.89oac 


5-849 


4.13 

3-75IM: 


3-SX«C 


x6 
X9ac 


8S 

93c 

96 

lOX 


3> 

38c 


3X 

99C 


3t 
30c 

X4 


«7 

3SM 
40 
39M 


3X 

SMC 
X4 
3xac 


31 

3oac 

30 

3oac 


X9x6 


7.8XX 
7.979 
XI.XX6 
7.9x6 


8.53X 


9.94 
9.09 
X.77 
9.89 


9.93 


13 
XS 


70 
80 
93 
83 


49 
60 
S6 


8 
«3 


3X 
30 
23 


o  +•-  Record  incomplete:  tL^Agariciu  tabuloris:  c^Cahaiia  cyoikiformis  in  fruit  at  sometime  during  the 
month. 
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The  mean  temperature  of  the  soil  during  May  and  June,  1909,  was  57^ 
and  67^  P.,  respectively.  During  1915,  when  the  fungi  fruited  abund- 
antly, the  soil  temperature  records  were  not  complete,  but  indicate 
that  conditions  were  nearly  the  same  as  in  1909,  the  values  being  56^ 
and  71  ^  respectively.  The  mean  air  temperatures  did  not  vary  markedly 
during  the  di£Ferent  years,  except  that  191 5  was  cooler  than  the  other 
jears.  This  is  indicated  in  the  maximum  and  minimum  as  well  as  in 
the  mean  temperatures. 

WEATHER  AND  SOIL  CONDITIONS  DURING  THE  FRUITING  PERIODS 

The  conditions  during  and  preceding  the  principal  fruiting  periods  in 
1909  and  1 91 5  are  given  in  Table  IV.  The  conditions  during  the  period 
of  fruiting  are  of  interest  in  connection  with  the  character  of  the  fruit- 
ing bodies  and  the  length  of  the  fruiting  period.  The  conditions  immedi- 
ately preceding  determine  whether  or  not  fruiting  bodies  will  be  pro- 
duced. 

Tabu  IV. — Wmther  conditions  for  10  days  precoding  and  during  ihtfrmiHng  period  fi 
Agaricus  tahularis  and  Calvatia  cyathtformis 


Daily 
erap- 
oia- 
tion. 

DaUy 
raio- 
faU. 

CUrnaUc  conditxms. 

Sottmoktnie 
conditions. 

Spcdctuid  period. 

Per- 
cent 

rain. 

Temperature  (•p.). 

e? 

Soit 

Air. 

OammwI 

foot. 

Mean. 

Mean. 

Maxi- 

xnum. 

Mini- 
mum. 

Amicus  Ubukiru: 

fnUxng  pefiod.  June  1-19. 

1909. 
Pienoofl    lo^ay     period, 

MayarJtmea.  1909- 

Pnhing  ptriod,  June  5-34. 

pRVKos    lo^ay     period, 
IUy*6-Jiiiie4.i9X5. 

Fnddiif  period.  Aug.  16-20. 

Premis    lo-day     period. 
Auf.  6-xs.  19x5. 

Ctkgkejmtkiformis: 
Fiuttnc  period.  Jtme  xa-19, 

Pfmous    xo-day     period. 
June  2-xi.  X909. 

Fraitxag  period.  July  X3-X7, 

Pienoos    io-d«y     period. 
J«ly  3-M.  1909. 

FnAiiif  period.  June  X4-a4. 

^itAoM    zo-day     period. 
June  4-X3. 1915. 

FniHinc  period.  Aug.  16-90. 

Fiewus    xo-d«y     period. 
Auf .  *-i5,  ,9,5. 

Jnck. 
0.118 

.197 

.908 
.13* 

.X99 
.904 

.939 

.199 

.294 
.a93 

.x86 
•a34 

.X99 
.«4 

Inch. 
0.99 

.08 

.X3 
•as 

.06 

.  19 

.04 
.98 

.28 

.04 
.96 

.06 
.X9 

65 
60 

60 
80 

80 
80 

so 
80 

0 
so 

64 
70 

80 
80 

6$ 
57 

7« 
7« 

67 
63 

59 
65 

•70 

71 
7X 

69 
55 

60 
54 

63 
57 

64 
60 

71 

78 

69 
56 

63 

57 

9« 
8s 

89 
71 

89 
89 

83 
91 

9«. 
90 

89 

89 

89 
89 

41 

36 

35 
37 

49 
35 

46 
4« 

54 

51 

46 
35 

49 
35 

Moist... 
...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Dry    to 
moist. 

Moist... 

...do 

...do 

...do 

Mokt 
Do. 

Da 
Da 

Da 
Da 

Da 
Da 

Dry. 

Moist  to 
dry. 

Moist 

Da 

Da 
Da 

«  Record  incomplete. 
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Agaricus  tabtUaris  fruited  only  once  in  1909,  the  fruiting  period  ex- 
tending over  17  days.  At  this  period  the  soil-moisture  determina- 
tions in  short-grass  land  showed  available  mobture  in  both  the  first  and 
second  foot,  and  the  mean  soil  temperature  of  65^  P.  The  mean  air 
temperature  was  a  little  lower,  62^,  and  the  range  in  air  temperature 
from  41  to  91^.  The  daily  evaporation  rate  was  relatively  high,  amount- 
ing to  0.218  inch  from  the  free-water  surface  of  a  6-foot  tank.  The 
rainfall  averaged  0.29  inch  per  day,  or  a  little  greater  than  the  evapora- 
tion. 

In  1 91 5  Agaricus  tabularis  fruited  twice,  the  June  period  covering  20 
days  and  the  August  period  only  five  days.  Soil-moisture  conditions 
were  favorable  during  both  of  these  periods.  Conditions  of  evaporation 
were  similar.  Although  but  a  small  amount  of  rain  fell  during  the  late 
period,  the  percentage  of  days  with  rain  was  very  high.  Soil  tempera- 
ture was  high  during  the  late  period.  During  the  early  period  continu- 
ous soil  temperature  records  were  not  available,  but  occasional  records 
showed  the  tempetature  to  have  differed  but  little  from  the  temperature 
of  the  early  period  in  1 909.  The  air  temperatures  did  not  dififer  markedly 
from  those  of  1909,  except  that  the  maximums  were  much  lower  for  each 
crop.  A  comparison  of  the  conditions  in  1909  with  those  of  191 5  shows 
only  a  slightly  higher  evaporation  and  higher  maximum  temperature 
in  1909.  The  effect  of  the  more  extreme  conditions  on  the  fruiting 
bodies  of  the  fungi  will  be  noted  later. 

Calvatia  cyathiformis,  which  fruits  later  in  the  season,  usually  fruits 
during  periods  of  higher  evaporation  and  higher  temperatures.  In  1909 
the  first  fruiting  period  extended  over  eight  days.  The  mean  soil  tem- 
perature was  a  little  higher  then  than  during  the  Agaricus  period  and 
the  evaporation  a  little  more  extreme,  but  the  air  temperature  range 
not  as  great.  Otherwise,  conditions  were  similar.  The  second  fruiting 
period  came  during  July  and  lasted  only  five  days.  The  soil  tempera- 
ture was  unusually  low,  the  air  temperature  reached  its  maximum  on 
the  last  day  of  the  period.  Evaporation  was  high  and  there  was  no 
rain.  The  soil  was  rapidly  drying  off.  This  second  fruiting  period 
followed  a  rainfall  of  2.39  inches  on  July  7.  The  soil  of  the  first  foot 
was  moist,  but  that  of  the  second  foot  dry  during  this  period. 

In  1 91 5  the  June  fruiting  period  covered  1 1  days.  The  soil  was  moist  at 
this  time  and  the  air  temperature  rather  high,  but  the  evaporation  was 
unusually  low.  During  this  damp  period  with  frequent  rain  and  low 
evaporation  the  fruiting  bodies  were  produced  under  conditions  markedly 
different  from  those  of  1909,  in  so  far  as  aerial  conditions  are  concerned. 
The  second  fruiting  period  covered  only  four  days  in  August.  The 
mean  temperature  of  the  soil  was  71°  F.,  although  the  air  temperature 
was  rather  low.  This  period  followed  a  period  of  rainy  weather,  as  is 
shown  by  the  lo-day  period  preceding.  The  evaporation  was  unusually 
low,  and  rain  was  recorded  on  four  of  the  five  days  considered. 
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EFFECT  OF  WEATHER  CONDITIONS  ON  THE  CHARACTER  OF  THE 

FRUITING  BODIES. 

The  effect  of  high  temperature  on  the  fruiting  bodies  is  well  known. 
Fruiting  bodies  which  appear  during  damp,  warm  periods  decay  rapidly 
and  are  soon  destroyed  by  maggots.  On  the  other  hand,  those  which 
appear  during  cool  periods  remain  fresh  for  a  much  longer  time. 

On  the  Great  Plains  it  often  happens  that  a  spell  of  wet  weather  will 
be  followed  by  an  exceedingly  dry  period  in  which  the  evaporation  from 
the  soil  and  transpiration  from  the  plant  surface  is  excessive.  When 
the  fruiting  bodies  of  the  fungus  are  produced  during  such  a  dry  period, 
the  shape  and  proportions  of  these  bodies  and  the  character  of  the  top  of 
the  pileus  are  greatly  modified.  The  fruiting  bodies  of  Agaricus  tabu- 
laris  produced  during  a  period  of  tapid  evaporation  have  a  very  rough 
and  scaly  periderm,  a  thick,  firm  pileus,  and  a  short,  thick  stipe.  These 
present  better  herbarium  material  when  dried  in  place  than  when  dried 
in  a  drying  oven.  On  the  other  hand,  if  the  fruiting  bodies  are  produced 
during  a  period  of  less  excessive  evaporation,  the  pileus  is  thinner  and 
expanded,  the  stipe  long,  and  the  periderm  often  quite  smooth.  These 
decay  rapidly,  and  are  difficult  to  preserve.  In  1909  the  tops  were 
mostly  rough  (PI.  10,  B,  C).  They  were  produced  during  a  period  of 
comparatively  rapid  evaporation.  During  the  year  191 5  the  tops  were 
either  smooth  or  rough,  depending  upon  the  time  of  appearance  and 
the  exposure.  The  fruiting  bodies  produced  among  taller  growing 
phnts  and  grasses  almost  invariably  had  smooth  tops  (PI.  11,  A),  while 
those  which  occurred  in  the  open  had  rough  tops  (PI.  11,  B,  C). 

The  Agaricus  iabidaris  ring  sketched  in  figure  10  was  partly  in  a  corn- 
field and  partly  in  the  open.  The  fruiting  bodies  developed  in  the  corn- 
field were  comparatively  smooth  on  top,  the  pileus  spread  out  very  wide 
and  thin,  and  the  stipe  comparatively  long  and  slender,  while  the  fruits 
produced  in  the  short-grass  sod  had  a  thick,  firm,  pileus,  rough  on  top,  and 
a  very  short  and  stocky  stipe.  The  differences  were  similar  to  those 
siiown  in  Plates  11  and  12. 

The  amount  of  variation  in  the  pileus  is  well  illustrated  by  the  fresh 
spoiophores  shown  in  Plates  10  and  11  and  the  dried  sporophores 
shown  in  Plate  12.  In  Plate  12,  A  and  B,  the  characteristic  pileus  of 
Agaricus  iabularis  is  shown,  while  in  Plate  12,  C  and  D,  this  tabular 
structure  is  entirely  lacking. 

Duggar  (1905),  who  has  made  an  extensive  study  of  wild  and  cultivated 
fonns  of  Agaricus,  calls  attention  to  the  great  amount  of  variation  pro- 
duced in  the  different  strains  under  different  cultural  conditions.  This 
wide  range  of  variation  and  the  effect  on  morphology,  color,  etc.,  make 
doubtful  the  specific  value  of  forms  showing  only  slight  morphological 
differences  (Duggar,  191 5). 
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It  has  been  difficult  to  determine  the  number  of  distinct  forms  occurring 
as  fairy  rings  in  eastern  Colorado.  The  first  form  to  appear  in  the  spring 
is  Agaricus  iabularis,  ranging  morphologically  from  typical  A.  tabularis 
to  the  smooth  expanded  t3qpe  similar  to  A .  aroensis.  Later  in  the  season, 
if  moisture  conditions  are  favorable,  a  series  of  smaller  forms  {A,  campes- 
iris)  appear  which  show  almost  as  wide  a  range  in  morphological  charac- 
ters as  does  A.  tabularis ,  but  which  are  entirely  distinct  from  the  latter 
in  time  of  appearance  and  in  the  character  of  the  mycelitun  in  the  fairy 
ring.    The  mycelium  is  not  dense  in  the  soil.    The  whole  plant  is  less 
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vigorous,  the  fruiting 
bodies  are  smaller  and  df 
a  more  delicate  texture. 
But  in  this  group  the 
fruiting  bodies  often  be- 
come decidedly  rough 
on  top  and  present  wide 
variability  in  the  ap- 
pearance either  of  the 
fresh  or  the  dried  forms. 
The  appearance  of  the 
fairy  rings  produced  by 
the  A.  tabularis  group 
is  entirely  distinct  from 
rings  of  the  A,  campes- 
iris  group. 

The  effect  of  the  dry 
climate  on  Calvatia 
cyathiformis  is  not  as 
marked  as  on  Agaricus 
tabularis.  The  perid- 
ium,  which  is  usually 
dried  rapidly,  has  a 
rough  tabulsu-  appear- 
ance. As  soon  as  dry,  these  scales  fall  oflf,  exposing  the  spore  area 
underneath  (PI.  27,  A).  The  same  is  true  of  Calvatia  fragUis,  Calvatia 
polygoma  produces  a  heavy,  thick,  scaly  peridium  (PI.  29,  A,  B),  which 
responds  especially  to  the  dry  conditions  of  the  atmosphere.  If  the 
young  pufitballs  are  injured,  they  break  open,  forming  abnormal  fruiting 
bodies,  such  as  shown  in  Plate  29,  C.  These  fruiting  bodies  dry  up  be- 
fore mature  spores  can  be  produced. 

AGE  AND  RATE  OF  ADVANCE 

Very  little  data  are  available  on  the  rate  of  advance  of  fairy  rings. 
Hutton  (1790)  observed  this  advance  during  a  period  of  eight  or  nine 
years,  but  gave  no  data  as  to  rate.    Wollaston  (1807)  measured  the 


Pao.  io.-^ndt  Agonau  UbmUris  tbug  was  puUy  wHhin  a  oacnfield 
Mid  pAftly  within  the  native  thortrgnM  aod.  At  one  tide  the 
rinffhadbeeninterraptcdhytheiireflenoeQf  apood.  Thentoah- 
iQQms  in  the  oornfidd  allowed  a  taller  ftit>e,  a  mote  exsMOided 
pileot,  and  a  smooth  top,  while  thoee  in  the  ahort  naaa  ahowed  a 
ahoit  atipe  and  a  compact  pileuswith  a  roughened  top  diaiacteria- 
tic  ol  Afforicus  tabmlarit. 
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annaal  increase  in  the  rings  and  found  it  to  be  from  8  inches  to  2  feet 
per  year. 

tbomas  (1905)  reported  on  a  ring  that  had  been  studied  espedally  as  to 
its  outward  increase  for  the  period  from  1896  to  1905.  This  ring  was 
fonned  by  Hydnum  suaveolens.  In  1896  the  ring  was  nearly  complete, 
buf  was  never  complete  after  that  time  and  only  during  the  years  1901, 
1902,  and  1905  was  there  any  appreciable  increase  in  outward  growth. 
The  average  increase  of  the  radius  for  the  period  was  found  to  be  23  cm. 
Prom  this  the  age  of  the  ring  was  calculated  to  be  about  45  years. 

BalUon  (1906)  found  an  increase  in  the  radius  of  a  ring  to  be  12  cm. 
dormg  one  year,  but  said  the  increase  was  very  irregular.  The  advance 
nas  said  to  be  most  rapid  when  the  ring  was  young. 

Coulter,  Barnes,  and  Cowles  (191 1 ,  p.  807)  mention  a  colony  of  Hydnum 
mneolens  which  advanced  from  9  to  1 1  meters  in  a  period  of  nine 
years.    The  age  of  the  colony  was  estimated  to  be  about  45  years. 

Bayliss  (191 1)  found  the  maximum  increase  of  a  ring  of  Marasmius 
onades  to  be  13K  inches  per  year,  and  the  minimimi  increase  3  inches. 
She  thought  rings  might  extend  for  50  or  even  100  years. 

Very  little  data  are  availatde  on  the  rate  of  advance  of  fairy  rings  in 
etstem  Colorado.  Doubtless  it  is  very  unequal,  and  during  dry  years 
little,  if  any,  advance  is  made.  During  moist  years,  such  as  1 91 5,  the  rings 
make  a  very  decided  advance. 

The  first  crop  of  Agaricus  tabularis  usually  occurred  near  the  inner  edge 
of  the  outer  stimulated  zone  (zone  4,  fig.  3).  The  second  crop,  which  in 
1915  oocurred  two  months  later,  had  advanced  an  additional  8  to  30  cm. 

(fig.  II). 

It  is  often  evident  from  the  old  fruiting  bodies  which  have  remained 
in  place  that  the  advance  is  approximately  the  same  for  the  fijst  as  for 
the  second  crop.  But  the  rings  fruit  only  during  the  exceptionally  wet 
ytBLts.  If  it  is  assumed  from  these  observations  that  the  amount  of 
advance  for  each  crop  is  approximately  30  cm.,  we  may  estimate  the  age 
of  the  rings  on  the  basis  of  the  records  of  the  last  10  years.  Pour  crops 
have  been  produced  in  10  years,  which  would  correspond  to  an  advance 
of  120  cm.  in  this  period  of  time.  From  observations  of  the  rings  during 
this  period  these  estimates  would  seem  to  be  approximately  correct. 
On  this  basis  the  average  yearly  advance  would  be  about  12  cm.  A 
ring  60  meters  in  diameter  would  be  approximately  250  years  old.  In 
the  southern  portion  of  the  area  shown  on  the  map  (fig.  2)  a  large  num- 
ber of  small  or  fragmentary  rings  are  roughly  arranged  in  the  form  of 
two  still  larger  rings.  If  these  fragments  have  had  a  common  origin, 
which  seems  a  correct  assumption,  the  age  of  these  large  fragmented  rings 
would  be  approximately  600  years. 

The  rate  of  advance  of  the  Calvatia  cyaihiformis  ring  is  about  the  same 
as  that  of  the  Agaricus  tabularis  ring  during  periods  especially  favorable 
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owth.    The  second  crop  produced  in  1915  showed  an  average 

ce  of  fron^  8  to  30  cm.  (%.  5,  12,  and  PL  25,  A,  B;  26,  A).     Judg- 

the  sterile  bases  of  the  old  fruiting  bodies  the  first  crop  shows  a 

r  advance  over  the  crop  the  year  before.     If  we  assume  this 
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A  aketcfa  of  ring  x  nude  in  August,  19x5.  The  fresh  fruiting  bodies  are  shown  as  drdes  and  the 
ing  bodies  as  dots.  The  ring  has  been  interrupted  at  the  upper  left-hand  side  and  on  the  right 
arently  come  into  contact  with  the  second  ring  which  produced  a  sU^t  extension  at  the  upper 
hefigure.  The  fungus  was  especially  luxuriant  in  this  portion  and  at  this  point  produced  a  large 
of  fruiting  bodies  in  both  the  first  and  second  crop.  The  distribution  of  the  fruiting  bodies  near- 
rrupted  portion  of  the  ring  indicates  a  tendency  on  the  part  of  these  rings  to  grow  aioond.  pro- 
Ln  effect  not  disthnilar  from  the  effect  of  tree  growth  in  oovcring  a  wound  or  dead  bnuicfa. 

um  rate  to  be  30  cm.  per  crop,  the  advance  during  the  10  years 
be  eight  times  this  amount,  since  the  fungus  fruited  only  eight 
3r  a  total  advance  of  240  cm.  For  the  10  years  this  would  mean 
:age  yearly  advance  of  24  cm.,  or  about  twice  as  rapid  as  the  esti- 
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mated  yearly  advance  of  A.  iabularis.  The  age  of  the  largest  rings, 
which  are  200  meters  in  diameter  (PI.  24,  B),  would  be  approximately 
420  years. 

DISTRIBUTION  OF  THE  MYCELIUM  IN  THE  SOIL 

The  distribution  of  the  mycelium  in  the  soil  can  not  easily  be  deter- 
mined, except  for  Agaricm  Iabularis.  On  the  high  plains  the  mycelium 
aeldom  penetrates  deeper  than  the  superficial  soil  layer,  which  is  dark  in 
cobr,  owing  to  the  presence  of  organic  matter.     In  most  cases  the  lower 
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Pn.  i»— A  detail  map  of  riag  5  1110101  in  the  lower  kfMymd  ooraer  of  tlie  map.    This  CoivaHa  cyaUd' 
jbnMf  ring  hed  prodnoed  two  cropi  of  pnflballt.  the  fiiit  crop  befaif  indicated  by  dots  and  the  seoood 
bfdccfca.    ThAMMieef  ioflttcaccof  theC.C3io<U/0rifi»iinffisnmchnaiTowerthanthato^ 
ta6alvttfhif. 

limit  of  penetration  was  reached  near  the  inside  of  the  area  when  the  old 
mycelium  had  penetrated  to  a  depth  of  from  5  to  10  cm.  below  the  level 
of  the  young  mycelimn  at  the  front  edge  of  the  fungus  development. 

In  no  case  have  the  writers  found  the  mycelimn  nearer  to  the  surface 
than  about  8  cm.  This  is  probably  due  to  the  extremely  dry  con- 
dition of  the  surface  soil  during  a  large  part  of  the  year.  Wollaston 
(1807),  Molliard  (1910,  fig.  i),  and  MOnch  (1914)  found  the  mycelium 
extending  to  the  surface  of  the  soil.  This  would  be  the  case  where  the 
surface  of  the  soil  remained  moist  for  a  considerable  time.  In  figures  4 
and  13  and  in  Plates  14,  C  15,  and  17  the  distribution  of  the  mycelium  of 
Agaricus  Iabularis  is  shown. 
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EFFECT  OF  THE  MY- 
CELIUM  ON  SOn^ 
CONDITIONS 
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The  development  of 

c^cataa       ^^^  mycelium   brings 

rII    ^IIIIjS       about   both  chemical 

kIII    as  isl-S       ^^  physical  changes 

?|f?    iji'ifi       inthesoil. 

CHEMICAI<  CHANGES 

The  chemical 
changes  consist  largely 
of  the  reduction  of  or- 
ganic matter,  brought 
about  by  the  sapro- 
phytic nature  of  the 
fungus  mycelium,  and 
of  the  subsequent 

v^i(^S  h||||-8  ^^^^  itself,  owing  to 
the  action  of  molds 
or  bacteria. 

The  protein  portion 

of   the  dead   organic 

matter  of  the  soil  is 

reduced  to  ammonia, 

which    either    unites 

ji  i  *  I  a       ^*^  other  compounds 

_  a  8  "^  i  I       or  is  changed  by  bac- 

•8 ^  1  ||g  I    teria  to   nitrites  and 

these    in    turn    by 

other    bacteria     into 

nitrates. 

There  duction  of  the 
organic  material  thus 
furnishes  a  quantity 
of  readily  available 
nitrogenous  material 
for  the  use  of  the 
green  plants.  Since 
on  account  of  the  dry 
subsoil  and  small 
„  _  amotmt  of  rainfall  no 
I^^Hl        *     ^      leachmg   takes   place 
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in  tbe  soib  in  eastern  Colorado,  the  chances  for  loss  of  nitrogen  are 
greatly  redticed. 

As  the  mycelium  passes  on  to  new  soil  the  old  mycelium  dies.  The 
death  of  this  mycelium  is  followed  by  decay  produced  by  bacteria  and 
molds  which  again  liberates  a  supply  of  nitrogenous  material  for  higher 
plants.  The  result  is  an  increase  in  plant  growth,  the  production  of 
more  roots  in  the  soil,  and  consequently  an  increase  in  the  organic 
matter  contained  in  the  soil. 

WoUaston  (1807)  spoke  of  the  exhaustion  of  the  "pabulum"  of  the 
soil  necessary  for  the  growth  of  the  fungus,  but  did  not  state  of  what 
this  "pabulum"  consisted. 

According  to  Buckman  (1870),  anything  which  would  kill  a  patch  of 
grass  and  thus  give  the  fungus  something  (organic  matter)  on  which  to 
Hve  would  produce  a  fairy  ring. 

A  special  study  of  the  carbon  content  of  the  soil  in  fairy  rings  was 
ma&  by  Lawes,  Gilbert,  and  Warington  (1883).  The  percentage  of 
carbon  (Table  V)  was  found  to  be  uniformly  higher  outside  the  ring 
than  either  in  the  ring  or  within  the  ring.  The  determinations  in  and 
inside  the  ring  differ  only  slightly,  the  smallest  amount  of  carbon  being 
recorded  inside  the  ring. 

Taslm  V. — Mm»  perc0niag€f  of  carbon  (^  in  ihg  fine  4rv  fairy-fing  soiU,  according  to 
Law4s,  Gilbert,  and  Wanngton  (1883) 


DocripCkxi  oC  rinf . 


Pctcentese  ol  cubon. 


l^thinthe 
ling. 


On  the 
ring. 


Outside 
the  ring. 


Gcove  Paddock  (May»  1874) . 

Bioadbalk(Ttme,  1877) 

BRMdbalk(d«>tember,  1877) 

Park  (September,  1S77) 

PA  (April,  1878) 

Mean 

Carbon  "outside"  ->  100. . . . 


3.06 
2.38 
9.48 
2.88 
3.1a 


2.  72 
3.36 
9.60 
3.21 
3- 04 


3.34 
3- 29 
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•Cubon  detennhied  "by  combustion  in  oxygen." 

The  percentage  of  organic  carbon  in  the  soil  in  the  different  sections  of 
Agaricus  iabularis  rings  at  Akron,  Colo.,  is  presented  in  Table  VI.  It  is 
evident  from  this  table  that  no  significant  differences  are  noted  in  the 
organic  carbon  content.  The  organic  carbon  content,  with  one  exception, 
ranges  from  2.15  to  3.79  per  cent.  DiflSculties  are  encountered  in  deter- 
mining the  carbon  content  where  the  soil  contains  only  a  small  amotmt  of 
organic  matter.  It  is  evident  in  this  case  that  the  errors  due  to  the  inclu- 
aon  of  the  roots  of  plants  are  so  great  as  to  obscure  to  a  great  extent  the 
^ect  of  the  growing  mycelium  on  the  organic  matter  of  the  soil. 
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TablB  VIII. — Nitrogen  <u  nitrates  per  nUlHon  of  dry  fine  soil,  according  to  Lowes,  Gilbert, 

and  Warington  (iSSj) 


Locstion. 
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BioadtMLlk  fairy-ring  soils, 
coUectedJune  18,1887: 

Within  the  ring 
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a  23 
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a.  44 

Park  fairy-ring  soils  col- 
lected Sept.  19,  1877: 

Within  the  ring 

On  the  rinjf  (center). . 

On  the  ring  (outer 

edge) 

Trace. 
.46 

I.  31 

Trace. 

•17 
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.18 

Just  outside  the  ring . 
Outside  the  ring 

Bioadbalk  fairy-ring  soils, 
collected  Sept.  15, 1877: 

Withmtiiering 

Oo  the  ring. ......... 

Just  outside  the  ring. 
Park  fairy-ring  soils,  col- 
lected Apr.  25,  1878: 

Within  the  rine 

On  the  ring  (inner 
side) 

Outside  tlie  ring 

On  the  ring  (outer 
side)....  7!^.. 

Outsioe  the  ring 

Tabus  IX. — Quantity  of  ammonia  {in  milligrams)  in  100  gm,  of  dry  soil  according  to 

MoUiard,  igio 
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The  determinations  of  ^  nitrogen  in  the  form  of  ammonia  and  nitrates 

in  rings  formed  by  Agaricus  tabtUaris  in  1915  are  given  in  Table  X. 

The  soil  samples  were  taken  with  a  soil  tube  and  consisted  of  a  core  of 

soil  extending  through  the  first  6  inches,  the  first  foot,  or  the  second 

foot  of  soil.    The  results  in  the  second  foot  are  less  significant  than  those 

in  the  first  foot,  since  less  of  the  mycelium  lies  in  this  area.     It  will  be 

noted  as  a  rule  that  the  ammonia  content  is  higher  in  the  ring  than  inside, 

and  higher  inside  the  ring  than  outside.     In  the  case  of  nitrates  the 

lesolts  are  not   conclusive,  although  as  a  rule  the  nitrates  are  more 

abundant  in  the  ring  and  inside  than  under  the  normal  sod  outside. 

In  1916,  samples  of  soil  were  taken  in  six  carefully  selected  places  in  a 

trench  dug  across  a  number  of  different  rings  formed  by  Agaricus  tahtdaris, 

*  For  the  dctenninotioii  of  mtiatcs  and  aximionia  the  writen  are  indebted  to  Mr.  R.  C.  Wrisht,  oC  the 
OfioeolSoil-Bacteriolocylnvestigatkos.  Bureau  of  Plant  Industry.  The  determmationt  were  made  by 
a  modified  Ubcfa  Method.  Two  hundred  c.  c.  of  soil  extract  were  treated  with  one  c  c  of  ooocentiated 
"dlihiiric  add  and  five  gms.  of  reduced  iron  powder,  and  the  reduction  was  allowed  to  proceed  from  xa  to 
>S  hours.   TUs  sdntion  was  then  made  alkaline  with  magnesium  oxid  and  distilled  into  standard  add. 
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transfonned.  In  the  old  mycelium  the  ammonia  content  was  very  low 
and  nitrate  content  relatively  very  high  at  the  beginning  of  the  experi- 
ment. After  five  days  and  two  weeks  the  nitrate  content  was  still  high 
and  the  ammonia  content  relatively  low. 

TablS  XIII. — Quantity  (in  parts  per  million)  of  nitrogen  as  ammonia  and  nitrates  and 
N^  in  Agaricus  iabularis  rings,  Akron,  Colo.,  igi6 
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«-9 
S-o 

8.6 
17.x 

30.0 
17.0 

IX.  4 
X3.0 

XI- 4 

6.0 

a.  9 
5-7 


«-4 
4-0 


17-3 
«x.o 


5- 

17.  X 
9.9 
4.0 


9*5 


xa.4 
X70. 


SI.  6 


t.9     4*3 


s. 

3.0 


I 


7-9     5-7 
7.6     3.8 


6.4  x«.S  14.3 
5.0  xx.o 


75-7 
S7.0|  aa.9 
13.0    XI. 


3.0     1.0     6.0     6.0     8.0     x.o 


«^4 

3.6 

6.6    9.5 


14.0 


Nitrogen  in  the  fonn  of 
nitrstes. 


a6 
4*0 


15.7 
•.o 


4  10.0  tt.9 


a6   a6 


8  10.0 


XX.  4 
5-0 


IX.4 


XI.  4 

4.0 


34.« 

t6.o 
8.6 


XI.  4 
3-8 


It.  9 
9-5 


M.9 

X0.0 

1-4 

.0 


10.7 
1.9 


r 

IX.  4 


SS.9   XI.  4 


5.0       6.0     XObO 


3«.« 

30-5 
7.S 

4- 


^ 


Total  ulUugcii  as  N*.« 


OX,X»0 


91.4     6.4  ti.4i,xaox>05o     77o  if  05^ 


o     4*0     s.  01,190 


9    a6 


as.  9 

X8.0 
7-x 


o     X.9     980 


910 

770 
1,050 
x,oso 

a4o 
840 

1,050 


840 
840 


1,050 

980 


840 

770 
770 


I 


770 1,050 


700 


910     770 1,050 


700X 


840    770 


840 
770 
770 


700 
700 


^ 


9x0 


ISO 

i,o$o 


840 
840 
9x0 
9x0 


x,X90 
1,050 


9x0 
910 


1,050 
1,050 


9801,330 
9x01,330 


910 
910 
980 
840 


o  For  these  detenninatlons  the  writers  axe  indebted  to  Mr.  H.  W.  Daudt,  of  the  Buxcau  of  Chemistry. 
The  detenninations  were  made  by  the  Kjeldahl-Guxming-Amokl  method. 

Under  field  conditions  the  growth  of  the  mycelium  is  accompanied 
with  the  production  of  ammonia.  In  the  older  mycelium,  on  the  other 
hand,  the  nitrification  is  rapid  and  most  of  the  nitrogen  is  found  as 
nitrates  and  only  a  comparatively  small  amount  as  ammonia.  The 
nitrification  and  ammonification  determinations  are  in  accord  with  the 
determinations  made  from  field  samples. 

TablB  XIV. — Ammonification  and  nitrification  {in  parts  per  million)  in  Agaricus 
iabularis  rings,  Akrort,  Colo.,  May,  igiy<^ 


Iiocatkm. 

A«"fTlonifi^at^gn 

Nitrification. 

Sample 
No. 

Nitrogen  as 

originally 

present  in 

SOU. 

Nitrogen  as 

gained  after 
5  days' 

incubation 
with  0.9 

per  cent  of 
peptone. 

Nitrogen  as 

ammonia 
gained  after 

awedcs' 
incubation 

witho.a 
per  cent  of 

peptone. 

Nitrogen  as 

nitrate 

originally 

present  in 

sou. 

Nitrogen  as 
nitrate 

gained  after 
5  days' 

incubation 
witho.a 

per  cent  of 
peptone. 

Nitrogen  ss 

nitrate 
gained  after 

a  weda' 
incubation 

withca 
per  cent  of 

peptone. 

I 
2 

Outside 

Youngest  myce- 
lium  

3-3 

1-5 

31.  0 

I- 5 

59-9 

34.7 
35-2 
29.0 

55- 9 

39-5 
40.0 
17. 1 

ao 

9.0 
21.0 
34.5 

-1.4 

15-3 
23.8 

117- S 

3 

5 

Dense  mycelium 
Dying  mycelium 

o  These  detenninations  weic  made  by  Mr.  R.  C  Wrii^t,  of  the  Office  of  SoU  Bacteriology,  Bureau  of 
Plant  Industry. 
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From  the  results  of  previous  investigations  and  from  those  here  pre- 
sented it  is  concluded  that  the  progress  of  the  fairy-ring  fungus  through 
the  soil  brings  about  the  following  chemical  changes.  The  dead  organic 
matter  of  the  soil  is  utilized  as  a  food  supply  for  the  saproph3rtic  fungus. 
During  the  process  the  carbohydrates  are  consiuned  or  reduced  and  parts 
of  the  protein  material  consumed  by  the  fungus  and  reduced  to  ammonia. 
This  combines  readily  to  produce  ammoniacal  salts,  or  is  changed  by 
bacterial  action  to  nitrites  which  are  in  turn  converted  into  nitrates. 
The  chief  effect,  in  so  far  as  soil  chemistry  is  concerned,  is  to  change  the 
protein  portion  of  the  organic  matter  of  the  soil  into  compounds  of 
nitrogen  which  are  readily  available  to  higher  plants.^ 

PHYSICAl,  CHANGES 

The  physical  differences  in  the  soil  in  different  portions  of  fairy  rings 
are  due  to  the  growth  of  the  fungus  and  to  the  effect  of  the  amount  of 
other  vegetation  developed  on  the  different  zones. 

Waring  in  1837  (Bayliss,  191 1,  p.  112-116)  noticed  the  effect  of  the 
mycefium  on  the  rate  of  absorption  of  water  by  the  soil.  In  Table  XV 
are  presented  the  results  of  moisture  determinations  made  by  Lawes, 
Gilbert,  and  Warington  (1883).  Their  results  indicate  less  soil  moisture 
in  the  ring  than  either  outside  or  inside.  Measurements  made  by 
MoDiard  (1910)  showed  that  the  soil  was  comparatively  dry  in  the 
zone  occupied  by  the  mycelium  (Table  XVI). 

Tablk  XV. — Percentage  of  water  in  fresh  soil  as  collected,  exclusive  of  stones,  according 
to  LaweSy  Gilbert,  and  Warington  {1883,  p.  216), 


Location. 


Grove  Paddock  fairy-ring  soils,  May  19,  1874: 

Within  ring 

On  ring 

Outside  ring 

ftrk  fairy-ring  soils,  Sept.  19,  1877: 

Within  ring 

On  ring  ^center) 

On  ring  pouter  edge) 

Just  outside  ring 

Pirk  fairy-ring  soils,  Apr.  25,  1878: 

Within  the  ring 

On  ring  ^inside) 

On  ring  (outside) 

Outside  the  ring 


SubsoU. 


15.68 
12. 30 
16.24 

17.04 

13-23 
15-03 

19.21 


19.14 
19- 74 


'  WhQe  the  details  of  the  process  d  reduction  ol  the  proteid  portion  ol  the  organic  matter  have  formed 
■0  port  d  these  studies,  it  is  interesting  to  call  attention  here  to  the  probability  that  same  of  the  inter- 
■bWcpfoducts,  snch  as  amino  adds,  are  utilized  directly  not  only  by  the  fungi  but  by  the  higher  plants. 

8<c  Schreiner  and  Shorey  (19x07.  Schreiner  and  Skinner  doza),  Schrelner  and  Latfarop  (xgxO.  Schrdncr 
(1913).  and  the  review  of  this  subject,  with  citations  of  the  earlier  literature  In  Lathrop  (19x7). 
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ings  in  May,  1915.  These  samples  were  taken  in 
li£Feiences  were  noted  in  the  first  3  inches.  In  the 
ater  content  in  zone  3  (fig.  3)  was  greatly  reduced 
while  in  the  second  6  inches  no  water  at  all  was 
though  the  soil  outside  of  the  ring  still  contained 
[n  Table  XVIII  the  moisture  content  above  or 
it  in  three  rings  of  A.  tabvlaris  on  three  different 
1.  While  there  was  only  a  small  amount  of  avail- 
June  16,  there  was  no  available  water  in  the  ring, 
ondition  obtained  in  the  ring,  while  by  July  13  the 
ide  and  outside  the  ring  had  been  reduced  to  below 
dese  differences  are  not  so  marked  in  the  second 
was  a  dry  year  and  the  fungi  did  not  fruit.  In 
sect  in  which  the  place  of  taking  samples  is  shown. 
>ur  different  Agaricus  rings  in  191 6  are  shown  in 
ises  the  water  content  was  low,  the  vegetation  being 
on  except  outside  the  ring.  During  a  period  dl 
les  at  2,  3,  and  4  feet  would  remain  dry,  while 
^come  moist. 

content  above  or  helow  the  wilting  coefficient  in  three  Agaricus 
bularis  rings  in  iQiSt  Akron,  Colo. 


June  z6. 

June  36. 

July  13. 

de. 

s. 

Bare 
area, 
zone  3. 

Inner 

lated^ 
zones. 

Out- 
side, 
zones. 

Bare 
area, 
zone  3. 

Inner 
fltimu- 
lated. 
zone  a. 

Outr 
ride, 
zones. 

Bare 
area, 
zones. 

Inner 
stinui* 
lated. 
zone  3. 

3 

4 
7 

H-aa 
—2. 1 
-2.9 

+  6.7 
+ia4 

+    .1 

+1.8 

+3.0 

-3-5 

+  1.0 
-1.4 
-2.4 

+ai 
—a.  I 

-2-5 

-2.3 
-4.2 
-2.7 

-1:1 

-3.9 

I 

-1.6 

+  5.7 

+«.4 

-2-3 

-  -9 

-I- 5 

-3-x 

-3-2 

4 
a 

5 

+6.8 
+7.4 
-30 

+  5-8 
+  9.0 

+  5.4 

+7-8 
+&6 
+6.1 

+1.4 
+2.0 
-2.8 

+2.8 
+  1.8 
+  .4 

+4.4 
+3.5 
+2.5 

+1.6 
-2.3 
-1.4 

73.7 
+2.7 
-1.4 

4 

+3.7 

+  6.7 

+75 

+  .2 

+1.7 

+3-5 

-  .7 

-2.4 

5 

2 

5 

+4.8 
+3.5 
-4.1 

+  5-9 
-    .7 
+  4.3 

+7-4 
+8.2 
+8.6 

+2.9 
+2.9 
-2.3 

+3.6 
+  .6 
+4.0 

+4.2 
+6.1 
+6.5 

+1.6 
+  .6 
+  .3 

—2. 1 

+3.5 

+«-3 

4 

+  1.4 

+  3.3 

+&I 

+1.2 

+2.7 

+5.6 

+  .8 

+  •9 

;s  of  Calvatia  cyathiformis  the  effect  of  stimulated 
;  in  the  case  of  Agaricus  iabtUaris,  The  mycelium 
e  enough  to  interfere  with  water  penetration,  and 
1  is  again  moistened.    Table  XX  indicates  clearly 
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the  ^ect  ci  the  stimulated  growth  of  vegetation  on  the  reduction  oi  soil 
moisture.    The  soil  in  the  ring  is  first  to  be  dried  below  the  wilting  pdnt. 

TablB  XIX. — Soilrfnoisiure  content  above  or  below  the  wilting  coefficient  in  Agariau 
tabularis  rings  in  igi6,  Akron,  Colo. 


Sample  No.  and  locatioo. 


Ring  a. 

Rlnt6. 

Rln»7. 

RingB. 

June  I  a. 

June  ai. 

June  a6. 

JuneaS. 

—a  2 

+ot3 

+3.« 

+4.8 

+  .5 

-2-3 

-4.1 

-1.8 

-1.7 

.  0 

-2.5 

-2.3 

—  I.  I 

-IS 

-1.7 

-  .6 

-  .6 

—a.  2 

-1.4 

:::! 

-2-5 

-  .8 

-4.  I 

Avenge. 


1,  outside  (sec  fig.  13) 

a,  youngest  mycelium 

3,  mycelium  densest  driest 

4,  below  No.  3 

5,  old  dying  mycelium 

6,  inside 


+2.0 
-1.9 

-  .6 

—  1.2 

-1-7 
-2.6 


TablB  l^X..— 'Moisture  content  above  or  below  the  wilting  coefficient  in  a  Cahatia  cyatki- 
formis  ring  in  igi$,  Akron,  Colo. 

Depth 

0f80U. 

Junea6. 

July  13. 

Ring  No. 

Outside, 
zones.  . 

Instimu- 
lated 
area  a. 

Inside, 
zooei. 

Ontside. 
wmes. 

In  stimu- 
lated 
area  a. 

Inside, 
aonez. 

Do 

F0tt. 

I 
a 
3 

+2.2 
+6.4 

+6.8 

+X.7 

+0.5 

+5-5 
+3.5 

-a  8 

+3-3 
+4.1 

-a.  6 

zil 

—1.2 
+  .7 
+2.7 

For  the  purpose  of  stud3dng  the  penetration  of  water  both  into  the 
mycelium  infected  soil  and  into  the  natural  sod  outside,  a  strip  about  9 
meters  long  was  selected  on  the  edge  of  a  ring  of  Agaricus  tabularis 
where  the  zones  were  well  defined.  Holes  were  made  6  inches  deep  with 
a  soil  tube.  They  were  made  in  rows  i  meter  apart,  consisting  of  three 
holes  each.  One  row  was  outside  in  the  natural  sod  (fig.  3,  zone  5),  the 
next  row  at  the  border  between  the  withered  (fig.  3,  zone  4)  and  bare 
areas  (fig.  3,  zone  3),  and  the  third  row  in  the  bare  area.  Two-liter  flasks 
of  water  were  then  inverted  into  the  holes  to  determine  the  rate  of  pene- 
tration (PI.  23, A).    The  results  are  given  in  Table  XXI. 

In  both  records  the  niunber  of  cubic  centimeters  of  water  that  pene- 
trated into  the  soils  was  much  greater  in  the  natural  sod  outside  the  ring 
and  least  at  the  border  line  between  the  withered  and  bare  areas  where 
the  mycelium  was  most  dense.  The  individual  records  vary  consider- 
ably. This  is  probably  largely  due  to  the  varying  density  of  the  mycelium 
in  the  soil  and  to  differences  in  the  dryness  of  the  soil.  In  the  first  meas- 
urements the  penetration  in  the  outside  was  three  times  as  rapid  outside 
as  in  the  withered  zone  and  twice  as  rapid  as  in  the  bare  zone.  The  dif- 
ference is  a  little  less  marked  in  the  second  experiment  due  partly  to  the 
fact  that  part  61  the  soil  had  already  been  moistened  by  the  first  irri- 
gation.   After  heavy  rain  the  water  stands  on  the  soil  over  these  lings 
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tlarisy  while  on  the  adjacent  land  it  soon  penetrates  and 
vttal  hours  after  a  rain  the  surface  soil  will  be  muddy  just 
typha-filled  portion.  When  these  h3^hae  are  dry,  water 
st  as  from  a  dense  mass  of  nonabsorbent  cotton.  The 
t  XXI  do  not  fully  convey  the  difference  in  moisture 
e  under  field  conditions  the  moisture  is  free  to  run  off  on 
id  the  relative  amount  of  water  which  penetrates  the  soils 
tabularis  fairy  ring  is  consequently  smaller  than  would  be 
e  table.  The  effect  of  rain  in  moistening  the  soil  of  an 
ris  ring  is  shown  in  Plate  15.  The  mycelitun-filled  soil 
le  soil  trench.  The  water  penetrated  both  in  front  of  and 
t  edge  of  the  mycelium-filled  soil  without  wetting  the 
ist  soil  appears  dark  in  the  soil  trench. 

e  of  penetration  {in  cubic  centimeters  per  hour)  of  water  into  the  soil  of 
an  Agaricus  tcimlaris  ring,  Akron,  Colo.,  igis 


At  the 

border  of 

In  the  bare 

ReoofdNo. 

Outside. 

withered 

ornearly 

and  bare 

bare  area. 

areas. 

"S 

2a  9 

22.7 

30.8 

12.3 

2a  9 

41.7 

6.4 

9-3 

83.4 

41.7 

22.7 

1  June  12 

41.7 
41.7 

2a  9 
6.4 

22.7 
83.4 

83.4 

7.6 

6ao 

83.4 

27.8 

22.7 

I       83.4 

10.8 

22.7 

55-7 

17- a 

31-9 

87.0 

69.0 

46.5 

46.5 

44.5 

69.0 

87.0 

44.S 

69.0 

105.0 

69.0 

46.5 

le  olace.  benui  Tune  36 

74.0 
87.0 

87.0 
27.4 

46.5 
69.0 

\mi^0     mt^mm^^0^^p     m^^^^^^mmm      ■  •aaa^v    dP^^a    •••■*••■•••• 

105.0 

29.0 

105-0 

95-3 

69.0 

27.4 

.     105. 0 

46.5 

29.9 

88.0 

54.0 

56.  5 

PFECT  OF  FAIRY  RINGS  ON  VEGETATION 
RINGS  OP  AGARICUS  TABULARIS 

t  noted  by  the  penetration  of  the  filaments  of  this  fungus 
mpied  by  short-grass  vegetation  is  the  slight  stimulation 
t  plants.  The  stimulation  (fig.  3,  zone  4)  is  noted  in  the 
lie  short  grasses  and  in  the  greater  and  more  rapid  growth 
{Plantago  pur  shit,  Festuca  octoflora,  Hedeama  nana,  etc.) 
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and  the  perennial  plants  such  as  GuUerrezia  sa/rotkrae  and  Artemisia 
frigida,  all  of  which  grow  in  the  native  sod.  The  fruiting  bodies  of  the 
fungus  occur  in  this  stimulated  zone.  The  soil  in  the  area  just  inside 
zone  3  (fig.  3)  is  permeated  with  filaments  of  the  fungus  from  a  depth  of 
about  8  cm.  to  a  depth  of  something  over  30  cm.  During  years  of 
normal  or  subnormal  rainfall  the  soil  of  this  zone  is  dry,  and  since  water 
does  not  penetrate  this  soil,  this  zone  is  marked  by  dead  or  dying  plants, 
or  by  the  absence  of  a  plant  cover  of  any  kind.  Inside  this  bare  zone, 
where  the  mycelium  has  died  and  partly  disappeared  and  where  moisture 
can  penetrate  more  freely,  the  vegetation  which  is  now  composed  largely 
of  ruderals  (fig.  13),  is  as  luxuriant  as  is  permitted  by  the  soil-moisture 
supply  and  the  increase  in  available  nitrogenous  material.  The  vege- 
tation on  the  inside  of  the  ring  (zone  i)  does  not  differ  in  composition  and 
appearance  from  that  outside  (zone  5),  although  it  has  been  destroyed 
and  reestablished. 


Fio.  Z4.— A  Ufcct  of  a  ring  of  Afforicut  tabtthris  in  a  wheat  field  in  19x5.  a  year  of  ample  mob* 

tiire  supply. 

The  effect  of  the  fairy  ring  caused  by  Agaricus  iabularis  on  the  native 
vegetation  varies  greatly  with  the  moisture  supply.  The  appearance  of 
the  ring  is  entirely  different  during  a  dry  year  (PL  16)  and  diuing  a  wet 
year  (PI.  19),  and  no  description  can  be  given  which  will  apply  at  all 
times.  The  zones  of  greatest  potential  stimulation  of  plant  growth  due 
to  available  nitrogenous  material  may  be  brown  and  dry,  owing  to  the 
lack  of  available  soil  moisture.  The  dead  zone  is  only  an  expression  of 
the  extreme  drouth  produced  by  the  combination  of  dry  weather  and 
unfavorable  soil  conditions.  If  rain  is  continuous  and  well  distributed, 
the  vegetation  does  not  die,  and  a  ring  in  which  the  bare  zone  has  all 
but  disappeared  is  the  result.  This  condition  was  produced  artificially 
in  1 91 6  (PI.  23,  B).  But  since  such  a  combination  of  favorable  condi- 
tions seldom  occurs  in  eastern  Colorado  the  bare  zone  is  well  marked 
during  normal  years  and  can  be  distinguished  even  during  wet  years. 
The  bare  zone  originates  in  the  outer  stimulated  zone.  During  summer 
or  late  fall,  or  during  dry  years,  this  is  changed  to  a  withered  condition, 
and  if  drouth  is  prolonged,  to  a  bare  condition  due  to  the  death  of  the 
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By  gradual  extension  the  mycelium  develops  another  stimulated  zone 
outside,  and  this  in  turn  withers.  In  this  way  the  dead  zone  is  gradually 
increased  on  the  outer  edge.  As  the  mycelium  under  this  area  becomes 
older  it  gradually  dies  out.  Water  penetration  then  becomes  more  nor- 
mal and  the  ample  supply  of  available  nitrogenous  material  produces 
the  inner  stimulated  zone. 

The  effect  of  rings  of  this  type  on  cultivated  plants  is  about  the  same 
as  on  the  native  plant  cover.  During  a  wet  year  the  relative  stimulation 
and  depression  of  growth  of  the  different  areas  is  shown  in  the  bisect 
(fig.  14;  see  also  PI.  21).  The  wheat  just  beyond  the  mass  of  mycelium 
showed  a  slight  stimulation  as  compared  with  that  entirely  outside  the 
ring.  Over  the  area  of  dense  mycelium  the  plants  ripened  prematurely 
and  did  not  produce  as  much  straw  as  in  the  normal  crop.  The  grain  pro- 
duction was  very  low.  Back  of  the  dense  area  of  mycelium  the  fungus 
{laments  were  evident  only  at  greater  depths  in  the  soil,  and  here  the 
greatest  stimulation  of  the  wheat  crop  occurred.  The  results  of  crop- 
pings  made  at  this  time  are  shown  in  Table  XXII. 

TablB  XXII. —  Yield  of  wheat  per  square  meter  in  a  ring  of  Agaricus  tabularis 


Item. 


Inside  (x). 


Bare  zone 

(3). 


Outside  (s). 


Ratio  3:5. 


During  a  wet  year,  Akron,  Colo.,  Aug.  12, 

Wheat  ring— 

Number  of  heads 

Height cm. . 

Total  dry  matter gm. . 

Grain gm. . 

Dorixigadryyear,  Akron,  Colo.,  July  6, 1916: 
Wheat  ring  8— 

Total  diy  matter gm. . 

Wheatrmg9 — 

Number  of  heads 

Height cm . . 

Tot&  dry  matter gm.. 

Wheat  ring  10 — 

Number  of  heads 

Height cm . . 

Totu  dry  matter gm. . 


91 
150 

54 
35 
57 


108 

93 
401 

63 


30 
30 
34 

o 
o 
o 


190 

210 

500 
137 


108 
277 

57 
260 

160 

50 

132 


57 
44 
80 
46 


12 
53 
13 


In  the  same  table  the  effect  of  the  fairy  ring  on  a  wheat  crop  during 
a  dry  year  is  shown  (PI.  22).  The  zone  just  above  the  densest  area  of 
myceliiun  (bare  zone  3)  was  then  practically  free  of  plant  growth.  The 
lesults  in  the  table  indicate  clearly  the  harmful  effect  of  this  fungus  on 
tbe  crop  during  normal  or  dry  seasons.  Only  in  the  case  of  ring  9  was 
any  wheat  produced  in  the  bare  zone,  and  the  )deld  there  was  partly  due 
to  the  width  of  the  zone  (only  about  i  meter'  and  to  the  slight  extension 
of  the  cropping  into  the  adjacent  zones. 
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figure  2  that  only  rings  fonned  by  Agaricus  tabularis  could  be  found  in 
the  wheat  field  during  1916.  These  were  noticeable  because  of  the  de- 
pression of  the  growth  of  the  wheat,  'those  formed  by  C.  cyaihiformis 
could  not  be  distinguished,  since  they  had  produced  no  effect  on  the 
crop. 

OTHBR  FUNGUS  RINGS 

Agartcus  campesiris,  CalvaHa  pdygonia,  C,  fragilis,  Catastoma  sub- 
krraneum  (Pk.)  Morg.,  Marasmius  oreades,  and  Tricholoma  mdaleuca  do 
not  differ  markedly  from  C.  cyaihiformis  in  their  effect  on  the  vegetation. 
Lepiota  margani  occurred  in  a  sandy  soil  in  bunch-grass  vegetation  (Shantz, 
191 1,  p.  54).  No  effect  was  noted  on  the  native  cover,  although  a  great 
number  of  fruits  had  been  produced. 

GRAZING  AND  CULTIVATION 

An  especially  interesting  effect  is  seen  in  areas  which  are  grazed.  The 
glass  in  the  stimulated  zone  appears  to  be  more  palatable  than  the  less 
luxuriant  grass  in  the  adjacent  sod  and  this  zone  is  therefore  often  easily 
distinguished  by  the  closely  cropped  grass. 

Rings  formed  by  CalvaHa  cyaihiformis  have  not  been  fotmd  fruiting 
in  cultivated  fields.  C  pdygonia  continues  to  fruit  after  land  is  culti- 
vated, several  rings  having  persisted  in  fields  which  have  been  under  cul- 
tivation for  a  period  of  five  years.  Agaricns  tabularis  produces  rings 
which  seem  to  persist  without  injury  imder  cultivation.  The  ring  shovm 
in  the  wheat  field  (PI.  14,  C;  21,  A)  was  on  land  which  has  been  under 
continuous  cultivation  for  the  past  seven  years.  These  rings  often  fruit 
as  well  as  in  cultivated  fields  as  in  the  native  soil. 

CAUSE  OF  THE  STIMULATED  GROWTH 

Practically  every  investigator  of  fairy  rings  has  noted  a  stimulated 
growth  of  the  natural  vegetation  on  fairy  rings.  This  stimulation  was 
attributed  to  the  decay  of  the  fungus  fruits  or  mycelium  by  WoUaston 
(1807),  Way  (1847),  Westerhoff  in  1859  {in  Ritzema  Bos,  1901),  Berkeley 
(i860),  Jorden  (1862),  Gilbert  (1875),  VanTieghem  (1884,  p.  1044-1045), 
Olivier  (1891),  Stahl  (1900),  Ritzema  Bos  (1901),  Beille  (1904,  p.  381), 
and  Massart  (1910).  The  principal  constituents  which  contributed  to 
this  stimulation  w^ere  potash,  phosphated  alkali,  magnesia,  and  sulphate 
of  lime,  according  to  Way  (1847),  and  nitrogenous  and  mineral  manuring 
according  to  Gilbert  (1875).  Westerhoff  in  1859  (*^  Ritzema  Bos,  1901) 
actuaBy  produced  the  stimulated  growth  of  the  vegetation  by  scattering 
over  the  surface  mushrooms  cut  up  into  small  pieces.  Jorden  (1862) 
attributed  the  stimulation  to  the  fertilizing  effect  of  the  ammonia  which 
the  fungus  absorbed  from  the  atmosphere.  Lawes,  Gilbert,  and  War- 
ington  (1883),  and  Ballion  (1906),  attributed  the  stimulation  to  the  decay 
of  fungus  fruiting  bodies  and  filaments  and  to  the  nitrates  and  residual 
products  formed  by  the  action  of  the  mycelium  on  the  organic  matter  of 
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area  consists  of  only  a  narrow  zone  near  the  edge  of  the  ring,  while  in 
A,  tabuhns  the  zone  extends  far  back  toward  the  center  of  the  ring. 

Prom  our  results  it  seems  likely  that  the  greater  amount  of  stimulation 
noted  on  the  native  sod  and  cultivated  crop  is  due  to  the  reduction  of 
the  nitrogenous  organic  matter  to  available  nitrates  and  salts  oi  ammonia, 
and  to  the  subsequent  decay  of  the  fungus  filaments  which  produce  the 
same  compounds.  A  stimulation  (rf  vegetation  exactly  similar  to  that 
in  the  fairy  rings  was  produced  artificially  at  Akron,  Colo.,  by  placing 
ammonium  nitrate  in  shallow  holes  in  the  soil  and  by  scattering  it  over 
the  surface  oi  the  soil  during  the  rainy  period. 

The  investigations  thus  far  conducted  indicate  that  the  stimulation 
of  the  grasses  and  other  v^etation  is  due  principally  to  the  presence  in 
the  soil  of  nitrates  and  salts  of  ammonia  which  are  derived  from  (i)  the 
reduction  of  the  organic  matter  of  the  soil;  (2)  the  decay  of  the  fungus 
fndts;  and  (3)  the  decay  of  the  mycelium. 

TablB  XXrV. — Effect  of  fatty  rings  on  the  chlorophyll  content  of  plants,  Akron,   Colo,, 

IQISfl 
RINGS  OF  CALVATIA  CYATHIPORMIS,  JUNE  28 


Fhnt. 


Percentace  of  alcoholic  extracts  of 
crade  chlorophyU. 


Outside. 


In  stimu- 
lated zone. 


Inside. 


Bouklowi  gracilis . 
Phtniago  purskii.  . 
Bouieloua  gracilis  . 
PloMtago  purshH . . 


Percent. 
100 
100 
100 
100 


Percent. 
340 
280 

IIO 


Percent, 
MS 
I30 
127 


Mean. 


100 


226 


119 


RINGS  OP  AOARICUS  TABUtARIS,  JUN«  18 


GuHmrtna  sarotkrae 

Artemisia  frigida 

Mahastrum  coccineum. 

Fistuca  octoflora 

Htdeoma  nana 

Planfapo  Purshii 

BuUnhs  daciyloides 


Mean. 


100 

IIO 

100 

200 

100 
100 

225 
200 

100 
100 
100 

aoo 
265 
260 

100 

209 

90 

300 

300 
90 

13s 
255 


173 


*  The  chlorophyU  was  extracted  from  equal  areas  of  leaf  lamina  by  cold  90  per  cent  methyl  alcohol.  The 
extrut  was  made  in  the  dark.  Colorimetric  determinatim  was  made  on  the  crude  extract,  the  vahaet 
ootside  bcmt  taken  as  xoo. 


CHLOROPHYLL  CONTENT 


One  of  the  most  characteristic  features  of  fairy  rings  is  the  deep-green 
color  of  the  vegetation  in  the  stimulated  zones.  This  effect  was  noted  by 
inany  investigators,  but  no  quantitative  determinations  of  chlorophyll 
content  have  been  made.    The  writers  have  determined  by  colorimetric 
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methods  the  relative  density  of  the  crude  chlorophyll.  Extracts  were 
made  in  the  dark  ¥rith-  cold  90  per  cent  methyl  alcohol.  The  results 
indicated  in  Table  XXIV  show  that  the  chlorophyll  content  is  about 
twice  as  great  in  the  stimulated  zone  as  outside.  The  results  are  quite 
uniform  for  the  different  plants  and  also  for  the  Agaricus  and  Calvatia 
rings.  Similar  measurements  ol  the  chlorophyll  content  in  oat  fields 
showed  the  amount  in  the  stimulated  zone  to  be  twice  as  great  as  normal. 
The  cause  of  the  increase  in  vigor  and  chlorophyll  content  seems  to  be 
amply  explained  on  the  basis  of  the  available  supply  of  nitrates  and 
salts  of  ammonia. 

CAUSE  OF  THE  DEATH  OP  THE  VEGETATION 

The  death  of  the  vegetation  noted  by  many  investigators  has  been 
attributed  to  a  number  of  different  causes.  The  fungus  filaments  were 
thought  to  absorb  all  nutrient  material  from  the  soil  and  thus  cause  the 
death  of  the  grasses,  etc.  This  view  was  held  by  Wollaston  (1807), 
Van  Tieghem  (1884,  p.  1044-1045),  Olivier  (1891),  and  Beille  (1904, 
p.  381). 

Berkeley  (i860,  p.  41)  attributed  the  death  of  the  grasses  to  the  effect 
of  the  death  of  the  spawn  of  the  fungus,  while  Jorden  (1862)  attributed 
the  death  of  grasses  to  the  entangling  action  of  the  filaments  and  their 
strong  "effluvia." 

The  cause  of  the  death  of  the  grasses  was  attributed  to  parasitism  on 
the  part  of  the  fungus  by  Ballion  (1906)  and  Bayliss  (191 1),  the  latter 
stating  that  the  roots  were  directly  attacked  by  the  fungus  filaments 
and  kUled  by  toxic  excretion. 

The  impenetrability  of  the  soil  to  moisture,  or  the  dry  condition  of 
the  soil,  was  believed  by  Ritzema  Bos  (1901)  and  Molliard  (1910)  to  be 
the  chief  cause  of  death  of  the  grass.  The  latter  attributed  part  of  the 
harmful  effect  to  the  high  content  of  ammoniacal  salts. 

In  the  investigations  of  the  writers  the  death  of  the  vegetation  noted 
in  rings  formed  by  Agarictis  iabtUaris  was  always  accomplished  by  lack 
of  available  soil  moisture.  No  harmful  effect  could  be  noted  on  the 
vegetation  as  long  as  the  soil  contained  available  water.  During  years 
that  were  uniformly  wet  throughout  the  growing  season  the  vegetation 
was  not  noticeably  damaged,  while  during  dry  years  or  periods  of  drouth 
the  plant  cover  would  be  partly  or  entirely  destroyed  just  above  the 
dense  mycelium.  As  stated  elsewhere,  the  penetration  of  water  into 
the  mass  of  soil  filled  with  mycelium  is  very  slow  if  the  soil  is  once  dried. 
The  stimulation  of  growth  hastens  the  drying  out  of  this  soil  mass;  and, 
when  once  dry,  it  remains  dry  even  through  heavy  and  continued  rain. 
During  ordinary  years,  when  the  moisture  supply  was  sufficient  on  the 
natural  sod,  drouth  was  severe  over  the  mycelium-impregnated  soil. 

If  parasitism  or  toxic  secretion  were  the  cause  of  the  death  of  grasses 
in  this  area,  the  vegetation  would  be  attacked  while  still  growing  and 
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total  loss  of  the  crop  over  the  areas  occupied  by  the  ring.  In  son 
areas  these  rings  are  very  numerous.  It  is  estimated  that  they  influen 
between  0.5  to  i  per  cent  of  the  area  shown  in  the  map  (fig.  i).  Even 
I  per  cent  reduction  in  gross  yield  is  important  when  deducted  from  tl 
net  profit.  Although  there  are  areas  where  no  fairy  rings  occur,  oth 
areas  are  badly  infested  with  them.  Often  areas  are  found  where  tl 
rings  are  more  abundant  than  shown  on  the  map. 

In  experimental  plots  the  presence  of  fairy  rings  is  a  serious  obstad 
A  large  ring  of  Agaricus  iabularis  may  reduce  the  3aeld  of  a  one-teni 
acre  plot  to  50  per  cent.  Under  a  most  favorable  set  of  climatic  co 
ditions  it  may  greatly  increase  the  yidd.  It  is  therefore  impossible 
rely  on  results  from  plots  occupied  by  fairy  rings.  Many  of  the  inequa] 
ties  of  experimental  plots  are  due  to  this  cause,  and  the  eradication 
rings  on  such  plots  is  as  important  as  the  experiments  which  are  conducts 
on  the  plots. 

Persoon  (1819,  p.  4)  observed  that  if  a  ring  was  dug  up  successive 
for  one  or  two  years  the  same  species  reappeared  eventually,  but  it  w 
solitary  and  scattered. 

Sorauer  (1886  p.  270-272)  stated  that  repeated  digging  up  of  the  s( 
at  the  periphery  of  the  ring  would  dry  and  Idll  the  fungus. 

McAlpine  (1898)  recommended  soaking  the  ground  thoroughly  wii 
sulphate  of  copper  (or  Bordeaux  mixture),  sulphate  of  iron  10  per  ces 
and  strong  lime  water  to  kill  the  fungus. 

Ritzema  Bos  (1901)  stated  that  the  rings  could  be  destroyed  by  diggu 
them  up  in  dry,  hot  weather  and  exposing  the  soil  to  sunshine. 

The  principal  methods  suggested  for  the  destruction  of  fairy  rin| 
have  been  the  application  of  sulphates  of  copper  and  iron  or  repeats 
stirring  of  the  soil,  especially  during  dry  periods.  The  latter  methc 
would  be  best  when  applied  to  experimental  plots,  since  it  would  n 
introduce  into  the  soil  chemical  substances  which  might  possibly  have 
subsequent  efifect  on  crop  production.  Where  the  method  of  diggit 
up  the  soil  is  not  practicable,  the  application  of  fungicides,  such  1 
Bordeaux  mixture,  to  the  soil  immediately  over  and  a  little  in  advan< 
of  the  rings  should  be  eflFective. 

SUCCESSIONS  INDUCED  BY  FAIRY  RINGS 

None  of  the  previous  investigators  made  a  study  of  the  rev^;etatic 
following  the  destruction  of  the  vegetation  in  the  fairy  ring.  Tulasi 
and  Tulasne  (1851,  p.  157)  mentioned  the  fact  that  the  production  < 
weeds  is  due  to  the  digging  up  of  the  soil  by  trufl9e  hunters.  Ballio 
(1906)  noted  the  fact  that  at  the  first  rains  in  the  fall  the  perennials  0 
the  denuded  zone,  like  "ravenelles"  (wallflower)  and  *'oseille*'  (sorrel 
began  to  grow  again  and  annuals  sprang  up  from  seeds  fallen  on  the  bai 
ground.  None  of  the  other  investigators  mentioned  the  effect  0 
revegetation. 
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Ua  cyatkifarmis  and  the  other  ftnigi  whidi  do  not 

the  temporary  stimulation  of  the  natural  v^;etation. 

a  covers  a  zone  more  than  a  meter  wide.    The 

rasses  is  to  thicken  the  sod  during  years  of  ample 

27,  B.). 

kills  out  the  vegetation  and  initiates  a  succession 

illy  different  from  that  occurring  on  abancloned 

911)  or  on  abandoned  roads  (Shantz,  1917).    The 

\  often  entirely  killed.    On  the  inner  part  of  the 
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FM.  15.— a  sketch  of  thestaget  in  the  suoccaikn  leading  to  the  reesUb- 
d"       fishmcnt  of  the  ihort  gnat  following  its  destmctioo  by  Agarieus 


a- 

larily  abundant  in  the  native  sod,  such  as  Plantago 
isiuca  octoflara  Walt.,  Hedeoma  hispida  Pursh.,  Le- 
I  A.  Nels. 

ear  these  plants  dry  off  about  the  middle  of  June 
bare  for  the  remainder  of  the  season.  Just  inside 
rply  separated  from  it  is  the  inner  stimulated  zone, 
second  or  late  weed  stage  and  is  dominated  by  a 
he  plants  listed  in  the  first  stage  and  the  following 
uderals:  Chenopodiam  incanum  (S.  Wats.)  Heller, 
I.  Wats.)  Greene,  CryptanAe  crassisepala  (T.  and  G.) 
}liioides  (Wats.). 

weed  stage  several  of  the  stages  clearly  recognized 
>r  cultivated  fields  can  be  distinguished, 
t-lived  grass,  stage  is  marked  by  Schedonnardus 
Trel.,  alone  or  with  Malvastrum  coccineum  (Pursh.) 
ysirix  (Nutt.)  Smith. 

idi  as  AfUmisia  /rigida»  Gntmrtria  sarciknt»  etc.,  ooonr  in  this  sane,  they 
iue  to  a  supply  of  available  soU  moisture  in  the  deeper  layers  of  the  soil. 
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The  fourth  or  perennial  stage  is  shown  by  the  entrance  of  GuUenez^ 
saroihrae  (Pursh.)  B.  and  R.  and  Artemisia  frigida  Willd. 

The  fifth,  or  short-grass,  stage  is  established  gradually  and  BulbU 
dactyloides,  which  in  this  case  must  depend  laigely  on  reseeding,  does  m 
predominate  over  Boutehua  gracilis.    As  a  result  the  two  short  grass 
are  established  and  the  final  stage  reached  without  the  development 
the  characteristic  Bulbilis  stage. 

In  figure  13  a  bisect  and  transect  of  a  ring  of  Agaricus  tabulans 
shown.  The  zones  here  are  unusually  wide,  and  the  mapping  made 
191 6  is  characteristic  of  a  dry  year.  Very  few  annuals  appear.  Durii 
191 5  the  early  weed  stage  to  some  extent,  but  especially  the  late  we 
stages,  were  marked  by  a  very  luxuriant  growth  and  a  dense  stan 
Such  annuals  as  Fesiuca  octoflora,  and  Plantago  purshii  occurred  abu 
dantly  in  every  zone  and  stage  of  revegetation.  This  ring  is  shoi 
because  it  illustrates  the  succession  stages  somewhat  better  than  t 
narrower  rings  in  which  the  short-lived  grass  stage  usually  occupies 
much  narrower  zone. 

The  zone  of  disturbed  vegetation  is  usually  about  3  meters  broad 
these  rings  of  Agaricus  iabularis.  Estimates  of  the  rate  of  advance 
this  fungus  given  earlier  in  the  paper  were  12  cm.  per  year.  At  tl 
rate  the  time  required  for  the  vegetation  to  become  reestablished  wot 
be  300  H- 12  or  25  years.  This  estimate  is  in  accord  with  previous  studi 
in  succession  on  abandoned  plowed  fields  (Shantz,  191 1)  and  on  abe 
doned  roadways  (Shantz,  1917). 

GENERAL  DISCUSSION 

Under  normal  conditions  in  eastern  Colorado  Agaricus  iabularis  pi 
duces  an  enormous  superabundance  of  spores.  Prom  the  number  a 
age  of  the  fairy  rings  which  are  shown  in  figure  2,  new  rings  are  oti 
rarely  formed.  Most  of  the  rings  are  fragments  of  old  rings  whi 
have  long  since  ceased  to  be  true  or  complete  circles.  The  conditio 
necessary  for  the  germination  of  spores  of  Agaricus  spp.  have  been  t 
subject  of  many  investigations.  More  recent  summaries  and  studi 
(Ferguson,  1902;  and  Duggar,  1905)  show  clearly  that  the  conditio 
most  favorable  to  germination  would  be  seldom  realized  on  the  Gre 
Plains.  Nor  would  there  be  chances  of  reproduction  by  fragments 
tissue.  The  efifects  of  the  presence  of  old  fruits  and  mycelium  on  gem 
nation  of  spores  would  only  tend  to  cause  germination  where  the  myc 
limn  already  existed.  Only  rarely  do  spores  germinate  and  produce  m 
rings.  At  first  theise  would  not  present  the  appearance  of  older  fairy  rin^ 
but  would  merely  represent  small  more  or  less  circular  areas  in  which  spc 
ophores  are  produced  and  the  native  grasses  are  stimulated  (PI.  30,  C 
The  mycelium  would  spread  out  in  all  directions  as  practically  1 
fungi  do  in  culture  media.  During  the  first  year  or  two  there  wou 
be  no  differentiation  into  zones,  but  subsequent  gradual  outward  grow 
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separation  of  the  zones  shown  in  figure  3  (at  A). 
:>uld  be  slow,  approximately  12  cm.  a  year  on  an 
^ress  would  not  be  regular,  but  would  be  wavelike, 

rapid,  30  to  60  cm.  during  favorable  years  and  very 
during  unfavorable  years.  The  sod  would  first  be 
icrease  of  available  nitrogen,  owing  to  the  reduction 
IT  of  the  soil,  then  killed  by  insufficient  soil  moisture 
:  mycelium.  As  this  mycelium  began  to  decay,  the 
lid  again  invade  and  develop  luxuriantly,  owing  to 
y  of  readily  available  nitrogenous  material.  These 
way  to  short-lived  grasses,  and  these  in  turn  to  the 

natural  sod.  To  use  a  figure  already  employed  by 
\,  the  spread  of  the  mycelium  would  resemble  the 
arted  by  dropping  a  match  into  dry  grass.  Even  if 
ablished  at  a  distance  of  a  meter  or  so  behind  the 
[)f  the  flame's  striking  back  would  be  very  remote, 
e  flame  as  representing  the  active  mycelium  and  the 
:  the  organic  matter  of  the  soil  on  which  the  mycelium 

rts  from  the  point  of  germination  of  the  fungus  spore 
d  at  approximately  an  equal  rate  in  all  directions, 
le,  such  as  an  ant  hill,  or  another  fairy  ring,  growth 
In  the  case  of  an  ant  hill  the  ring  will  dose  in  around 
sissed  and  tend  to  regain  its  original  complete  form. 
«t  they  do  not  continue,  but  are  exterminated  at  the 
the  fungus  filaments  spread  outward  they  consume 
ganic  matter  of  the  soil.  Carbohydrates  are  con- 
eid  portion  is  consumed  or  changed  into  amino  acids 
da.  The  fungus  advances  and  never  recedes,  since 
filaments  are  always  advancing  into  new  soil  and 
laments  lie  on  the  inside  of  the  ring  where  the  avail- 
organic  matter  of  the  soil  has  already  been  con- 
s. 

ungus  filaments  on  the  soil  is  to  reduce  a  part  of  the 
omonia,  which  is  combined  to  form  ammoniacal  salts 
bacteria  into  nitrites  and  later  into  nitrates.  When 
it  is  reduced  by  bacterial  action  to  ammonia,  which 
up  into  nitrates.  The  increase  in  available  nitro- 
:he  soil  occupied  by  the  young  mycelium  stimulates 
grasses  or  other  plants,  which  consequently  make 
i  the  soil  moisture.  When  this  is  once  exhausted 
is),  the  mass  of  fungus  filaments  prevents  the  pene- 
er.  The  intense  drouth  to  which  plants  are  thus 
he  buffalo  and  grama  grasses  and  the  other  plants 
iated  with  them.    The  area  is  thus  left  bare  for  the 
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invasion  of  other  plants.    The  mycelium  after  a  few  years  dies,  leavii 
the  soil  still  more  enriched  and  no  longer  impervious  to  water. 

The  first  stage  in  the  succession  on  this  bare  area  is  (i)  an  early-wef 
stage,  followed  by  (2)  a  late-weed  stage.  This  is  followed  by  a  (3)  shot 
lived  grass  stage,  and  this  by  a  (4)  perennial  stage,  which  gives  way  \ 
the  (5)  original  short-grass  cover. 
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Agaricus  labularis: 

odies  about  lo  to  15  cm.  in  diameter  sho^ 

June  14,  1915. 

hy  fruiting  bodies  10  to  15  cm.  in  diam< 

uiting  bodies.    From  left  to  right  these  ^ 
ach.    The  largest  was  about  lycm.indiam 

ruits  7  to  15  cm.  in  diameter.    Aloon,  Colo 
(346) 
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PLATE  II 

faricus  tabularis: 

Lense  stand  of  Agropyron  smitkii,  which  protected 
ication  the  tops  were  smooth.    The  fniiting  body 

ig  as  figure  A,  but  freely  exposed  and  showing  the 
was  about  12  cm.  in  diameter. 
x>sed  on  dry  hot  days.    Fruiting  bodies  10  cm.  in 
how  variation  in  pileus.    Akxon,  Colo.,  June  15, 
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PLATE  xa 

AgaHcus  tabuktris: 

-Two  fhtitiiig  bodies  showing  smootii  and  neariy  smootii  pileos.    Greatest 
',  zx  cm.    Akion,  Cok>.,  X9X5. 

-Two  fruiting  bodies  showing  the  rong^  or  tabular  structure  of  the  pileos. 
diameter,  9.5  cm.    Akion,  Oolo.,  29x5. 
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PLATE  14 
Agaricus  tabularis: 

A. — ^A  fruiting  ring.  The  vegetation  outside  of  the  ring  is  pure  short  grass  wit] 
^tstuca  octiflora  and  Plantago  purshii.  At  the  outer  edge  of  the  ring  z8  mushroom 
>ccur  in  the  portion  shown  in  the  photograph.  Jttst  back  of  the  fruiting  area  th< 
thort  grass  is  dead  or  dying .  In  this  area  there  are  a  few  very  small  plants  of  P.  purskii 
Lepidium  ramossissimum,  and  Chenopodium  incanum.  The  inside  shows  a  rank  growtl 
>f  L.  ratnossissimum,  Lappula  occidentale,  P.  purshii,  and  Fesiuca  ocioflora.  Akroii 
Zolo.,  June  14,  1915. 

B. — The  mycelium  as  it  appears  on  the  soil  mass.  So  dense  is  this  fungus  growti 
hat  all  crevices  in  the  soil  are  filled  with  white  hypha.  Water  penetrates  very  slowl; 
nto  a  dry  soil  in  this  condition.    Akron,  Colo.,  August  14,  1915. 

C. — ^A  trench  across  a  ring  of  A.  tabulans  in  a  Kubanka  wheat  plot,  showing  th 
nycelium  in  the  soil.  A  sketch  of  this  trench  is  shown  in  figure  14.  The  myceliui 
n  the  ring  fills  the  soil  lying  fiom  10  to  30  cm.  in  depth.  The  ring  is  about  4  metei 
^ide,  and  on  the  inside  of  this  area  the  mycelium  occurs  sparingly  at  a  depth  ea 
:eeding  30  cm.  The  mycelium  may  have  grown  down  as  it  died  above.  The  soil  i 
irery  dry  in  the  mycelium  area,  but  moist  where  no  mycelium  occurs.  The  availabl 
neater  was  0.6  per  cent  in  the  mycelium  and  xi.6  per  cent  in  the  soil  outside  th 
nycelium  area.  After  a  rain  the  soil  above  the  mycelium  remained  very  wet,  owin 
i>  the  failure  of  moisture  to  penetrate  the  dry  mycelium  layer.  Only  that  portion  c 
Lhe  soil  above  the  mycelium  (3  or  4  inches)  was  moistened  by  the  rain  on  August 
md  7  of  Z.89  inches,  while  the  soil  in  the  adjacent  areas  was  wet  to  a  depth  of  ove 
[  foot.    Akron,  Colo.,  August  10,  1915. 
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5  15 
bularis: 

eproduction  of  a  photograph  which  was 
Y  soil  area  (light-colored)  in  the  ring  and 
soil  above  is  freer  from  mycelium,  while 
ycelium .  In  the  foreground  the  moisture 
Hum  and  back  underneath,  showing  dia- 
il  filled  with  mycelium  is  wetted.  The 
le  surface  of  the  soil,  and  is  usually  about 
loon,  Colo.,  August  3,  1915. 
listribution  of  the  mycelium  in  the  soil. 
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PLATE  x6 
AgoHcus  tabularis: 

A.— Ceneral  appeamioe  of  a  fairy  ring  formed  by  A.  tabularis  during  a  dry  yeai 
The  bare  zone  shows  clearly  at  the  right.  Scattered  through  this  are  a  few  remnant 
of  the  abort  grass  and  also  a  few  plants  of  Artemisia  friqida.  The  roots  of  the  latter  ax 
partly  below  the  soil  occupied  by  the  mycelium.  Just  at  the  left  of  this  bare  area  th 
grass  is  closely  cropped  and  withered.  This  is  the  outer  stimulated  zone  of  wc 
periods.  The  illustration  does  not  show  the  difference  between  this  zone  and  th 
normal  vegetation  at  the  left.    Akron,  Cok>.»  August  7,  19x6. 

B.— General  view  of  a  ring  formed  by  i4.  to6tf lam;  photographed  during  a  dry  yeai 
The  vegetation  at  the  left  is  normal.  Just  at  the  right  the  withered  zone  extends  t 
the  lower  right  comer  of  the  figure.  The  vegetation  is  dry  and  a  little  lighter  o6]ote< 
in  thb  zone.  Several  old  spocophores  produced  in  1915  are  still  found  in  this  zone 
The  darker  area  at  the  right  is  the  bare  zone  and  within  this  the  inner  stimulates 
zone,  which,  because  of  the  dry  period,  is  not  luxuriant.  A  detailed  transect  an( 
bisect  of  this  ring  are  shown  in  figure  13.    Akron,  Cob.,  June  zz,  Z9Z6. 
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PLATE  17 

AgoHcus  fabularis: 

nigh  the  ring  shown  in  Plate  z6»  A.  The  lower  end  of  the  trench 
le  upper  end  the  inside  of  the  ring.  The  outer  withered  zone  lies 
ircelium  shown  at  the  right  of  the  picture.  The  mycelium  extends 
t  zone  and  becomes  more  or  less  interrupted  just  inside  this  zone. 

5t  7,  19x6. 

ih  the  ring  shown  in  Plate  z6,  B.  The  lower  end  of  the  trench 
per  the  inside  of  the  ring.  The  mycelium  b  shown  extending 
nd  of  the  trench.  The  dense  mycelium  in  the  center  of  the 
the  bare  area.    A  sketch  of  this  trench  is  shown  in  figure  13. 
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PLATE  18 

Agaricus  iabularis: 

xd  only  a  few  mushrcx)iiis  in  191 5.  It  is  marked  by  the  stimt 
a  ocioflora.  In  this  stimulated  area  three  distinct  maxima  ca 
li  form  concentric  rings.  The  first  maximum  occurs  just  insic 
lecond  about  2  feet  inside,  and  the  third  about  4  feet  inside  tl 
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FF   FROM  THE   DRAINED    PRAIRIE   LANDS  OF 
SOUTHERN  LOUISIANA 

By  Charles  W.  Okey, 

mage  Engineer,  Office  of  Public  Roads  and  Rural  Engineering ,  United  States 
Department  of  Agriculture 

INTRODUCTION 

the  draining  of  low-lying  lands  by  means  of  pumps  has  long 
:ticed  in  parts  of  England  and  Holland,  the  application  of  this 
securing  drainage  for  lands  in  the  United  States  is  a  comparar- 
:ent  development.  A  small  amount  of  pumping  of  drainage 
1  been  done  on  a  number  of  sugar  plantations  in  southern  Lou- 
Fore  the  middle  of  the  last  century,  but  these  pumping  plants 
ie  affairs.  About  1908  the  work  of  reclaiming  the  Gulf  coast 
ids  by  means  of  drainage  pumping  was  actively  started.  Grad- 
Klem  machinery  was  introduced  until  by  the  end  of  1915  about 
icres  of  land  were  under  pump.  Prior  to  the  starting  of  this 
re  existed  no  very  complete  nor  accurate  data  as  regards  the 
>f  water  these  plants  would  be  called  on  to  pump  each  year, 
were  there  records  as  to  what  the  maximum  capacity  of  the 
lould  be.  While  there  were  available  some  more  or  less  frag- 
records  of  the  operation  of  drainage  pumping  plants  in  Europe, 
itions  of  climate,  rainfall,  and  soil  in  the  United  States  are  so 
that  European  records  were  not  considered  to  be  of  practical 
rhe  capacities  of  the  earlier  pumping  plants  were  based  upon 
gh  approximations.  They  were  more  often  too  small  than  too 
he  need  for  information  on  this  subject  soon  became  so  apparent 
1909  Drainage  Investigations,  Office  of  Experiment  Stations, 
itates  Department  of  Agriculture,  undertook  the  task  of  collect- 
data.  The  work  was  actually  begun  in  the  month  of  April, 
Messrs.  W.  B.  Gregory  and  A.  M.  Shaw,  who  made  the  necessary 
nents  of  the  capacity  of  four  drainage  pumping  plants  and 
I  set  of  records  of  operation.  Late  in  1909  the  work  of  carrying 
investigations  was  assigned  to  the  writer  and  has  been  contin- 
it  his  charge  to  the  present  time.   The  work  of  rating  the  capacity 
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of  the  pumps  in  the  drainage  plants  has  been  extended  along  with  record 
of  operation  of  the  same  plants  until  the  records  now  cover  10  drainag 
districts.  At  the  end  of  each  year  progress  reports  have  been  issue 
giving  the  results  collected.  It  is  now  proposed  to  stunmarize  thes 
reports  in  one  publication. 

OBJECT  OF  THE  INVESTIGATIONS 

The  primary  object  of  this  work  has  been  to  establish  the  relatio 
existing  between  the  rainfall  and  the  amount  of  water  that  it  is  necessar 
to  pump  from  tjrpical  areas  of  land  in  order  to  secure  a  degree  of  drainag 
that  will  allow  the  growing  of  the  ordinary  field  crops.  When  this  rela 
tion  is  once  determined,  the  rainfall  data  furnished  by  the  Weathe 
Bureau  will  enable  the  engineer  to  design  adequate  and  economics 
drainage  pumping  plants  for  the  swamp  lands  of  the  Gulf  coast. 

The  records  also  disclose  the  total  amount  of  pumping  necessary  i 
each  year.  In  this  paper  the  term  "run-oflf"  is  used  to  denote  the  wate 
that  is  removed  by  the  pumps;  in  the  tables  the  run-off  is  expressed  a 
a  uniform  depth  of  wajer  (in  inches)  over  the  drained  area. 

DESCRIPTION  OF  DISTRICTS 

The  districts  on  which  the  investigations  are  being  carried  on  vary  i 
area  from  647  acres  to  7,500  acres,  and  the  various  details  of  soil,  cropj 
surface  slope,  and  character  of  the  drainage  channels  and  levees,  ai 
different  on  each  district.  Therefore  it  is  believed  that  it  will  be  c 
advantage  to  describe  each  district,  giving  a  brief  summary  of  cond 
tions  prevailing  during  each  year  covered  by  the  records. 

SMITHPORT  PLAl»rriNG  COMPANY  TRACT — AREA,    647    ACRES 

This  tract  adjoins  the  village  of  Lockport,  Lafourche  Parish.  Th 
land  from  which  this  plantation  was  reclaimed  is  typical  of  the  opec 
grass-covered  prairies  that  lie  to  the  west  of  Bayou  Lafourche.  Th 
surface  slopes  from  the  bayou  to  the  low  swamps  in  the  rear.  About  hal 
the  area  under  consideration  was  originally  covered  with  the  water  o 
Lake  Fields  to  a  depth  of  i  to  3  feet.  The  humus  or  muck  on  thi 
tract  varied  in  depth  from  18  inches  on  the  higher  portions  to  perhap 
8  inches  in  the  lake  bed.  A  considerable  portion  of  the  muck  in  th< 
higher  portions  of  the  area  is  overlain  by  a  layer  of  river  silt  about  n 
inches  thick.  Silt  of  the  same  character  forms  the  subsoil  of  the  wholi 
district.  The  total  fall  in  the  surface  from  the  higher,  or  "front"  por 
tion  to  the  lower  side  is  about  4  feet.  The  ditch  system  is  very  com 
plete,  and  the  small  field  ditches  go  entirely  across  the  area  directly  int( 
the  reservoir  canal  which  skirts  one  side.  The  reservoir  capacity  uf 
to  the  end  of  191 2  was  0.40  inch  of  water,  and  that  of  the  pumping 
plant   i.io  inches,  over  the  area  drained.    Thereafter  the  reservoi 
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id  to  0.50  inch  by  further  dredging.  Except  for  a 
;  entire  area  was  well  drained  during  the  time  cov- 
During  the  early  part  of  the  period  covered  by 
s  on  this  district  were  subject  to  a  heavy  seepage 
e  water  was  high  on  the  outside.  Later  the  levees 
\  and  the  seepage  was  reduced  greatly. 
G  1909. — During  this  year  about  25  per  cent  of 
Livation.  The  remainder  was  covered  with  grass 
ion  of  the  land  cultivated  was  well  drained  through- 
of  the  lowest  land  near  the  reservoir  was  flooded 
ing  the  heavy  rainfall  of  September  20,  but  this 
:hat  the  tropical  hurricane  which  accompanied  the 
;h  the  proper  operation  of  the  machinery. 
G  1910. — ^About  65  per  cent  of  the  land  was  cul- 
re  area  was  well  drained.  The  year  was  deficient 
in  heavy  storms.     The  early  part  of  the  year  was 

3  191 1. — ^The  cultivated  area  was  increased  to  75 
ge  was  maintained.  Some  quite  heavy  rainfalls 
le  end  of  the  year  fairly  heavy  rainfall  coming  at  a 
tion  raised  the  water  outside  the  district  so  that 
ame  through  the  levees.  The  records  for  Decem- 
represent  normal  relations  as  between  rainfall  and 
y  were  not  included  in  obtaining  averages  for  the 

5  1 91 2. — The  cultivated  area  amounted  to  85  per 
I  during  January  of  the  high  stage  of  water  outside 
iie  amount  of  water  pumped  to  be  greatly  above 
nee  of  this  stage  of  outside  water  in  June  and  July, 
;r,  caused  the  pumping  for  the  year  to  be  excessive, 
tract  exclude  the  above  months. 
G  1913. — During  this  year  the  entire  tract  was 
nation  for  the  first  time.  The  water  level  in  the 
unusually  low,  and  drainage  was  complete  at  all 
ng.  During  the  year  nearly  the  entire  length  of 
r  addition  of  material,  and  its  ability  to  keep  out 
jreby  much  increased.  It  does  not  appear  from  the 
at  amount  of  seepage  water  entered  the  district 
st  part  of  January.  Although  the  run-off  during 
:  was  greater  than  the  rainfall,  most  of  the  cainfall 
ys  of  September  and  was  not  pumped  during  the 
king  the  two  months  together  the  percentage  of 
is  about  75  per  cent — not  an  excessive  amount  for 
:  that  time  of  year. 
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BLB  I. — Rainfall  and  run-off  on  the  Smithport  Planting  Company  tracts  Junt 
igoQt  to  September,  1915,  inclusive 
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o  Records  omitted,  as  they  do  not  represent  normal  conditions. 

Conditions  during  1914. — During  this  year  the  whole  of  the  tract  wa 
ider  cultivation.  With  the  exception  of  one  period  in  April,  when  th 
strict  was  flooded  with  water  from  the  adjacent  highland,  it  was  wei 
ained  throughout  the  year.  The  rainfall  and  amount  pumped  durin; 
e  above-mentioned  period  are  omitted  from  Table  I,  as  they  do  no 
present  nonnal  conditions.  In  November  a  very  heavy  rainfal 
curred,  which  gave  the  highest  rate  of  pumping,  due  to  rainfall,  so  fa 
perienced  on  this  district  (Table  I).     While  the  reservoir  was  full  fo 
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of  the  surface  occurred.  A  small  amount  of  seepage 
during  the  last  day  or  two  of  November  and  the  first 
^.  Continued  drainage  and  cultivation  had  so  com- 
►r  muck  which  originally  covered  the  surface  on  this 
>  soil  was  no  longer  greatly  different  in  appearance 
ed  on  the  average  cultivated  fields  on  near-by  planta- 
mination  would  still  show  the  origin  of  the  top  soil, 
[  its  turfy  characteristics. 

NG  1 91 5. — ^The  entire  area  was  cultivated  and  well 
1  of  September.  The  early  part  of  the  year  was  very 
f  heavy  rains  occurred  in  the  last  few  days  of  Sep- 
rly  part  of  October  and  caused  overflow  from  the 
This  water  was  pumped  out,  but  it  is  not  included 
did  not  represent  typical  conditions. 

VOOD  PI.ANTATION — AREA,  2,600  ACRES 

ocated  about  10  miles  above  New  Orleans,  fronts  on 
r.  The  soil  along  the  river  front  is  of  a  characteristic 
ming  finer  grained  as  the  distance  from  the  river 
tract  of  about  800  acres  which  makes  up  the  rear 
LS  at  one  time  a  part  of  the  adjacent  wet  prairie.  It 
d  with  a  light  growth  of  willows  and  the  usual  prairie 
or  muck  was  originally  3  or  4  feet  deep,  although 
ut  19  years  of  cultivation,  it  is  well  decayed  and  com- 
ither  heavy  soil.  The  total  fall  in  the  land  surface 
e  rear  of  the  plantation  is  about  10  feet, 
ditches  run  from  the  front  to  the  rear  of  the  planta- 
itest  slope;  but  frequent  larger  cross  ditches  inter- 
les  at  intervals  of  about  a  quarter  of  a  mile  and  carry 
canals,  which  run  in  the  same  direction  as  the  field 
reservoir  along  the  rear  of  the  plantation  carries 
imping  plant.  The  capacity  of  the  pumping  plant 
les  of  water  on  the  area  drained  per  24  hours.  The 
rvoir  was  about  0.40  inch  of  water  over  the  area, 
uilt  around  this  district  from  material  taken  from 
>f  the  levee,  and  yet  no  appreciable  amount  of  water 
roir  canals.  All  water  is  pumped  out  promptly  from 
e  reservoir  canal  is  kept  nearly  empty,  in  readiness 

ig  of  191 1  the  area  was  increased  by  the  addition  of 
river-front  land,  enlarging  the  total  area  to  2,600 
g  plant  capacity  was  thus  reduced  to  1.40  inches  per 
t  reservoir  canals  were  later  cleaned  out,  the  reservoir 
out  0.42  inch.     Except  for  high-water  conditions  in 
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GE   DISTRICT   NO.    12,    SUBDISTRICT   NO.    I — AREA   835 
ACRES 

bout  2  miles  southwest  of  Raceland,  mostly  in  typical 
he  Lafourche  section.  It  has  a  natural  slope  toward 
The  highest  portion  of  the  district  is  perhaps  3 
7  water  in  the  surrounding  waterways  and  the  lowest 
:.  About  three-fourths  of  the  district  was  originally 
h  of  from  i  to  2  feet  of  turfy  humus  or  muck,  while 
a  cypress  swamp  which  had  been  burned  over  and 
led  and  leveled.  Pumping  was  started  about  1908 
continuous.  In  191 3  the  inside  reservoir  canals  were 
larger,  the  levees  reinforced,  and  the  old  pimiping 
new  one.  The  present  plant,  when  working  at  best 
ladty  sufficient  to  remove  a  depth  of  1.70  inches  of 
ire  district  per  24  hours.  The  reservoir  capacity  is 
water  over  the  district.  The  district  is  completely 
ally  all  cultivated.  As  parts  of  the  area  have  been 
ears,  the  muck  has  been  greatly  compacted  and  is  at 
iches  thick;  it  is  quite  a  heavy  soil  as  compared  with 
>n. 

"IG  1 91 5. — ^During  the  early  part  of  the  year  there  was 
ble  seepage  entering  the  district.  After  the  first 
eather  was  dry,  and  the  evaporation  took  up  prac- 
linfall.  During  the  month  of  October  the  district 
Mivy  rains,  and  the  pumping  was  greatly  increased 
therefore  the  records  for  the  month  are  omitted  from 
Table  III.) 

rS  LAND  COMPANY  TRACT — AREA    1,255    ACRES 

t  within  the  northern  city  limits  of  New  Orleans  and 
tchiartrain.  It  is  bordered  on  the  west  by  the  New 
^inal  and  on  the  east  by  the  outfall  canal  from  the 
m  7.  The  water  on  three  sides  is  slightly  above  sea 
s,  on  the  average,  about  a  foot  above  the  average 
istrict.  The  tract  was  originally  a  part  of  the  swamp 
Pontchartrain  and  was  covered  with  a  rather  heavy 
)ress  being  the  predominating  variety.  This  growth 
when  the  record  started,  but  only  about  100  acres 
Itivated.  The  remainder  was  allowed  to  grow  up  in 
The  soil  is  soft  and  spongy  on  the  surface,  with  a  high 
able  matter.  The  subsoil  is  the  usual  Sharkey  clay 
6  to  10  feet;  this  is  underlain  by  almost  piure  sand 
allows  a  considerable  seepage  into  the  district.  The 
\  on  the  run-off  totals  for  each  month  is  more  notice- 
ater  months  than  at  other  times,  especially  if  the 
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winter  rainfall  be  light.  The  seepage  is  doubtless  nearly  constant 
that  during  the  months  of  small  rainfall  it  forms  a  relatively  large  porl 
of  the  total  run-oflF.  The  drainage  water  is  collected  by  a  few  h 
canals  (not  many  small  ditches  were  cut  when  records  were  started) 
discharged  by  gravity  into  the  city  drainage  canal.  The  water 
measured  by  means  of  a  weir  and  a  water  register  placed  in  the  oui 
canal. 

Conditions  from  1909  to  191 2,  inclusive. — During  these  years 
area  of  cleared  and  cultivated  land  was  increased  so  that  by  the  en 
1 91 2  the  area  well  drained  was  about  400  acres.  The  remainder  of 
area  was  not  completely  ditched.  Such  water  as  entered  the  b 
canals  was  discharged  promptly. 

Conditions  during  191 3. — ^The  area  ditched  and  cultivated  or 
proved  as  residence  property  was  increased  dining  the  year  to  about 
acres.  Owing  to  further  ditching  the  area  tributary  to  the  main  ou 
canal  was  estimated  at  1,180  acres  after  January  i,  191 3.  On  Oct 
25  the  weir  was  placed  farther  down  the  main  outfall  canal,  thus  inci 
ing  the  total  area  above  the  weir  to  1,255  acres. 

Conditions  during  1914  and  191 5. — During  these  years  the  are 
drained  and  improved  land  was  gradually  increased.  By  the  en 
191 5  nearly  all  the  area  had  been  ditched  and  about  75  per  cent  had  ^ 
cleared.  About  300  acres  had  been  improved  with  residences  and  1 
walks.     A  part  of  the  remaining  cleared  land  was  under  cultivation. 

The  amounts  of  water  appearing  in  the  column  headed  **Rim-off 
Table  IV  represent  the  actual  water  that  found  its  way  into  the  1 
canals.  These  canals  were  of  such  size  that  water  was  discharged 
quickly  after  it  had  once  reached  them.  It  was  only  during  very  exti 
drouths  that  a  small  amount  of  water  at  least  was  not  flowing  ovei 
wdr.  If  the  same  area  had  been  drained  by  a  pumping  plant,  the 
off  during  these  days  of  such  small  flow  would  have  been  combine 
two  or  three  days  in  the  month,  and  the  total  quantity  of  water  pim 
would  have  been  less,  as  the  evaporation  from  the  open  canals  w 
have  been  greater.  This  is  shown  by  the  fact  that  on  the  pum 
districts  the  water  in  the  canals  is  often  lowered  by  evaporation  a 
during  dry  times. 

unit  no.  I,  POYDRAS,  la. — area,  2,500   ACRES. 

This  district  fronts  on  the  Mississippi  River  about  20  miles  below 
Orleans,  near  the  little  town  of  Poydras,  St.  Bernard  Parish.  Al 
500  acres  of  the  front  portion  were  originally  covered  with  a  light  grc 
of  timber;  the  remainder  was  a  part  of  the  open  grass-covered  pr 
typical  of  that  section  of  the  State.  The  top  3  or  4  feet  of  the  soil  ir 
prairie  have  a  very  high  percentage  of  vegetable  material,  and  w 
be  classed  as  muck.  This  muck,  however,  is  not  as  turfy  as  that  origii 
on  the  Smithport  tract  or  the  districts  around  Raceland,  and  seem 
have  a  higher  percentage  of  river  silt.    The  subsoil  is  Sharkey  < 
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was  first  inclosed  and  the  pumps  started  in  March,  191 2. 
many  of  the  field  ditches  were  cut.  The  work  of  cut- 
was  carried  on  during  the  stunmer  months  and  was 
er  or  November.  This  district  has  a  very  complete 
ge  canals,  spaced  X  niile  apart,  although  the  usual 
.  The  levee  is  of  ample  cross  section  and  does  not  allow 
enter  the  district.  The  pumping-plant  capacity  is 
nch  per  24  hours,  and  the  reservoir  capacity  is  approxi- 

RiNG  1 91 2. — ^As  stated  above,  the  land  was  not  well 
ard  the  end  of  the  year.  The  results  for  191 2  are  inter- 
ause  they  show  the  amount  of  water  to  be  removed 
t  soil  when  it  first  drained.  There  were  no  ponds  or 
ater  within  the  district.  The  rainfall  records  for  191 2 
nearest  station,  New  Orleans,  distant  about  20  miles, 
hese  records  differ  materially  from  those  that  would 
)d  on  the  tract,  the  total  for  the  period  covered  is  prob- 
a  error. 

UNO  1 91 3. — ^During  this  year  the  entire  area  was  drained 
>lant.  The  water  was  held  about  4  feet  below  the  sur- 
ng  occurred.  Owing  to  the  soft  nature  of  the  soil,  the 
s  were  quite  badly  choked  with  soft  mud  and  did  not 
^ery  rapidly  to  the  canals.  During  dry  periods  it  was 
\  level  of  the  ground  water  was  considerably  below  the 

small  field  ditches;  this  indicated  subdrainage  of  the 
s  which  were  spaced  only  X  mik  apart.  The  rainfall 
^rere  taken  from  the  rain  gage  on  the  tract.    About  400 

of  the  district  bordering  the  river  and  about  100  acres 
i  were  in  cultivation  in  191 3. 

RING  1 914. — ^During  the  entire  year  the  tract  was  well 
water  held  about  4  feet  below  the  surface.  In  March 
leavy  pumping  occurred.  In  each  period  the  plant 
capacity  for  a  little  over  24  hours  without  stopping. 
7tr,  did  not  approach  nearer  than  2  feet  to  the  surface 
(Vbout  400  acres  of  that  part  of  the  district  bordering 
ut  an  equal  amount  of  the  prairie  land  were  in  cultiva- 
d  that  was  cultivated  was  well  drained  by  field  ditches 
leared  of  soft  mud  and  vegetation.  The  field  ditches  of 
the  tract  were  still  in  very  poor  condition. 
EONG  1 91 5. — ^The  amount  of  cultivated  land  in  191 5  and 
tions  of  field  ditches  and  drainage  canals  were  the  same 

year.  While  the  first  two  months  of  the  year  were  rather 
e  in  amount  of  rainfall,  the  remainder  of  the  spring  and 
5  very  dry,  except  that  one  heavy  rainfall  occurred  in 
d  of  September  this  district  was  flooded  by  a  combina- 

rainfall  and  water  coming  in  from  the  adjacent  land; 
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normal  conditions  were  not  restored  until  the  end  of  the  year.     ( 
Table  V.) 

GUEYDAN    DRAINAGE    DISTRICT,    SUBDISTRICT    NO.    I — AREA    7,500    AC 

This  district  lies  in  the  southwestern  part  of  the  State,  and  its  nat 
features  are  quite  dififerent  from  those  of  the  districts  previously  descril 
The  land  was  taken  from  the  tj^ical  wet  prairie  of  southwestern  Louisi; 
While  the  surface  was  covered  with  a  grass  similar  to  that  found  in 
aforementioned  districts,  the  muck  is  very  much  shallower  and  more  ti 
in  character.  Before  drainage  the  average  depth  was  somewhat  less  t 
a  foot.  The  muck  is  underlain  by  a  clay  subsoil  that  b  very  solid 
impervious.  The  stuface  slope  of  the  district  is  from  north  to  soi 
toward  the  pumping  plant,  and  totals  about  2  feet  in  3  miles.  The  \ 
was  first  inclosed  and  the  pumps  started  in  March,  191 2.  As  the  sut 
was  solid,  the  water  was  lowered  very  rapidly  without  damage  to  a 
banks.  The  work  of  cutting  the  field  ditches  was  begun  in  Decern 
191 1,  and  was  finished  during  the  following  summer  months.  The  n 
drainage  canals  are  spaced  yi  mile  apart. 

The  percentages  of  the  rainfall  in  run-off  during  the  first  three  moi 
of  operation  were  not  calculated,  as  all  the  original  surface  water  was 
drained  out  until  about  the  first  of  June.  There  were  no  bodies  of  c 
water  inclosed  in  this  district.  On  August  23,  191 2,  the  area  of  the 
trict  was  increased  from  5,600  to  6,500  acres.  For  this  latter  area 
capacity  of  the  pumping  plant  was  1.25  inches  per  24  hours  and 
reservoir  capacity  was  0.88  inch. 

Conditions  during  191 3. — During  191 3  this  tract  experienced  hea 
precipitation  than  had  any  of  the  districts  up  to  this  time.  It  is  appai 
from  the  run-K)ff  records  (Table  VI)  that  considerable  seepage  entered 
district  during  the  early  part  of  the  year,  and  again  in  the  last  four  mon 
While  this  was  sufficient  to  affect  the  monthly  totals,  it  does  not  mal 
relatively  great  difference  in  the  maximum  run-off  for  any  partio 
storm.  The  amount  of  seepage  per  day  depended  on  the  height  of 
water  on  the  outside  of  the  district.  Very  little  water  appears  to  h 
seeped  through  the  levees  during  a  time  when  the  water  was  not  1 
over  the  surface  of  the  surrounding  undrained  prairie.  The  entire  seep 
into  the  district  was  through  a  section  of  levee  about  2,000  feet  long  wt 
crossed  a  very  soft  area  of  land  where  the  muck  was  from  5  to  15  feet  d 
and  where  the  levee  had  not  been  built  of  good  material  nor  to  full  hei 
and  cross  section.  As  the  drainage  canal  was  immediately  inside  1 
section  of  the  levee,  the  head  against  this  soft  material  was  often  4  t 
feet.  Cultivation  was  started  on  the  higher  parts  of  the  area,  and  by 
end  of  April  500  acres  were  plowed.  Early  in  July  the  area  of  the  disti 
was  increased  to  7,500  acres  by  the  addition  of  1,000  acres  of  raw  pra 
land  which  had  been  ditched. 

Conditions  during  1914. — Early  in  1914  the  area  of  this  tract  tribute 
to  the  pumping  plant  was  decreased  to  6,500  acres.     Whenever  the  sti 
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rrounding  prairie  was  over  the  general  surface  there  was 
Lge  through  the  weak  section  of  levee.  This  is  shown  in 
I  first  five  months  and  the  last  two  months  of  the  year, 
ive  months  the  water  in  the  outside  prairie  was  low,  and 
[y  ceased.  The  total  area  cultivated  was  about  600 
aount  about  300  acres  were  in  rice.  Water  was  taken 
drainage  channels  to  irrigate  the  rice  land,  and  this 
the  amount  of  water  pumped  out  of  the  district  during 
June  to  August,  inclusive. 

UNG 1915. — During  the  early  months  of  1915  the  amount 
relative  to  the  rainfall,  was  very  heavy.  However,  by 
f  the  weak  section  of  levee  had  been  so  much  strength- 
tie  seepage  water  entered.  During  the  summer  months 
\  acres  of  rice  were  grown  in  the  district,  and  water  to 
as  all  taken  from  the  inside  drainage  channels.  It  was 
ctice  that  only  a  small  amount  of  water  was  pumped 
r  months.  On  December  i  the  area  was  again  increased 
he  addition  of  the  i  ,000  acres  which  were  drained  during 
r  1913.  As  the  two  months  previous  to  the  time  this 
ought  into  the  district  had  been  very  dry,  no  pumping 
remove  water  from  the  new  land.     (See  Table  VI.) 

TLE  WOODS  TRACT — AREA,    6,943    ACRES 

dong  the  southern  shore  of  Lake  Pontchartrain,  about 
e  New  Orleans  Land  Co.  tract.  The  frontage  on  the 
lies.  The  width  at  the  eastern  end  is  about  2  miles 
m  end  i}4  miles.  Most  of  the  surface  was  originally 
eavy  growth  of  grass,  only  a  small  percentage  of  the 
timbered.  The  surface  was  but  a  few  inches  above  the 
nd,  except  for  a  few  small  ridges  and  shell  mounds,  the 
ime  subject  to  overflow  whenever  the  lake  was  at  high 
able  depth  of  turfy  humus  or  muck  covered  the  entire 

depth  was  from  i  foot  along  the  lake  shore  to  as  much 
portion  about  a  mile  back  from  the  lake.  The  average 
IS  perhaps  5  feet. 

3rk  was  started  in  1908,  and  in  the  fall  of  that  year  a 
as  erected  with  a  maximum  24-hour  capacity  of  0.48 
I  very  small  percentage  of  the  canals  necessary  to  drain 

that  time  been  constructed,  the  pumping  plant  was 
:,  1908.  The  construction  of  the  canals  and  ditches  was 
the  time  records  of  rainfall  and  pumping  were  kept.  At 
tract  was  dammed  off  from  the  pumping  plant,  so  that 
een  rainfall  and  amount  pumped  is  not  comparable  to 
he  other  districts  already  described.  By  the  spring  of 
Eu^es  of  the  tract  had  been  drained  with  small  field 
e  remainder  of  the  area  only  a  few  of  the  larger  canals 
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had  been  excavated.  No  rain  gages  were  kept  on  this  district  during 
period,  so  that  the  rainfall  records  from  surrounding  stations  necess 
must  be  used.  In  view  of  the  above  features,  it  is  not  considered 
the  records  of  amount  pumped  during  these  earlier  years  would  I 
value  for  comparison  with  those  of  other  districts.  Therefore  the  rec 
(Table  VII)  are  given  only  for  the  period  beginning  January,  1913. 

Conditions  during  191 3. — During  191 3  quite  extensive  changes 
made.  The  construction  of  the  main  drainage  channels  was  ca 
forward  rapidly.  The  spacing  of  the  main  channels  is  }4  mile  witl 
usual  field  ditches  leading  into  them.  A  main  canal  carries  the  wat 
the  pumping  plants.  A  second  pumping  plant  was  constructed  di 
the  summer  and  placed  in  operation  toward  the  end  of  the  year.  I 
the  beginning  of  the  year  until  May  i,  the  entire  area  was  tributai 
the  old  pumping  plant;  after  that  date  the  area  was  reduced  to  i 
acres,  the  remaining  land  being  dammed  off  and  not  drained.  I 
September  22  until  October  29  water  was  allowed  to  run  over  these  c 
from  the  undrained  portion  into  the  canals  of  the  drained  portion. 
October  29  these  dams  were  closed,  after  which  the  old  plant  draine< 
2,400  acres,  and  the  new  plant  drained  the  remaining  4,543  acres, 
records  given  in  Table  VII  show  the  data  from  the  old  plant  alone. 
2,400  acres  drained  by  the  old  plant  were  almost  completely  ditche 
the  end  of  the  year,  and  about  200  or  300  acres  were  in  cultivation. 

CoNDmoNS  DURING  1914. — Until  the  middle  of  May  the  district 
still  divided  between  the  old  and  the  new  pumping  plants.  The  2 
acres  drained  by  the  old  plant  were  very  completely  drained  and  the  cf 
were  cleared  of  a  great  deal  of  soft  mud  and  vegetable  matter, 
cutting  of  the  field  ditches  in  this  portion  was  nearly  finished.  I 
the  middle  of  May  the  two  portions  of  the  district  were  connected 
all  drainage  water  pumped  by  the  new  plant.  The  24-hour  capacit 
the  new  plant  is  about  1.25  inches  of  water  over  the  entire  area  of  d 
acres.  The  canals  in  the  newer  portion  of  the  district  were  deep 
and  widened,  and  the  cutting  of  the  field  ditches  was  nearing  complei 
In  the  portion  of  the  district  near  the  old  pumping  plant,  where  c 
vation  was  being  started,  the  water  was  held  very  low  for  the  entire  j 
while  in  the  newer  portions  where  ditching  operations  had  not  stai 
the  drainage  was  not  nearly  so  complete.  The  capacity  of  the  c 
pleted  and  enlarged  reservoir  canals  was  now  nearly  an  inch  of  water  i 
the  entire  area.  By  the  end  of  191 4  the  area  ditched  had  been  increi 
to  5,400  acres,  and  1,680  acres  were  in  cultivation.     (See  Table  VII. 

Conditions  during  191 5. — ^The  entire  area  was  drained  during 
year  by  the  new  pumping  plant.  The  early  part  of  the  year  was  mai 
by  heavy  rainfall,  but  after  March  the  spring  and  summer  months  \ 
unusually  dry.  The  ditched  area  was  gradually  increased  during 
year  to  about  6,500  acres  and  the  cultivated  area  to  about  4,500  ac 
The  records  were  interrupted  toward  the  end  of  September  by  the  adi 
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I  water.  Nonnal  conditions  were  restored  in  Novem- 
umed  on  December  i.     (See  Table  VII.) 

(MANDS  POLDER  NO.    I — AREA   I,88o  ACRES 

ludes  a  portion  of  the  town  of  Des  Allemands,  in 
nd  borders  on  Bayou  Des  Allemands.  The  land  from 
was  taken  is  typical  of  that  l3dng  along  Bayou  Des 
J  an  elevation  of  from  i  to  2  feet  above  the  mean 
Eiyou,  and  a  large  percentage  of  the  land  is  made  up  of 

a  very  thin  layer  of  muck  on  the  surface.    The  muck 

8  to  12  inches  deep  and  was  quite  turfy.    With  the 
scattering  trees  on  the  ridges,  the  tract  was  covered 
h  of  the  natural  prairie  grass, 
lals  extend  across  the  district  with  a  spacing  of  about 

a  storage  capacity  of  about  0.35  inch.  The  pumping- 
a:  average  conditions  is  about  0.75  inch  per  24  hours, 
d  on  this  district  in  October,  191 2,  and  was  continuous 
[ig  operations  were  commenced  at  the  same  time  and 
►ut  the  year  1913,  so  that  by  the  end  of  the  year  about 
ea  was  completely  ditched.  Cultivation  was  started 
>y  the  end  of  the  year  250  acres  were  cultivated, 
hs  of  January  and  February,  191 3,  a  section  of  levee 
g  allowed  a  considerable  amount  of  seepage  water 
;.  This  seepage  had  to  be  pumped  out  each  day.  In 
ebruary  this  defective  spot  was  repaired.  After  that^ 
of  about  a  month  in  the  latter  part  of  September  and 
:tober,  it  is  considered  that  no  appreciable  amount  of 
:  district. 
NG  1 914. — During  1914  about  half  the  tract  was  com- 

drained.  The  remaining  portion  was  partiy  drained 
J  four  times  the  usual  spacing.  The  reservoir  canals 
ad  their  poor  condition  made  it  necessary  to  pump 
would  otherwise  have  been  the  case.  The  water  had 
ir  the  bottom  of  the  canal  at  the  pumping  plant  before 
t  the  end  of  the  district  remote  from  the  plant.  If  the 
ood  condition,  the  number  of  days  on  which  the  pumps 
ve  been  much  decreased,  although  the  total  amount 
t  been  little  different.  In  the  latter  part  of  November 
ches  occurred  in  about  three  hours.  This  caused  the 
operate  at  full  capacity  for  about  three  days.  The 
le  station  for  about  24  hours,  after  which  it  lowered 
le  canals  had  been  in  good  condition,  they  would  have 
»re  water  to  the  pumping  plant  than  it  was  able  to 
the  canals  in  poor  condition  the  pump  was  capable  of 
ay  faster  than  it  flowed  to  the  pump.  The  area  under 
:he  year  was  increased  to  about  600  acres. 
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Conditions  during  191 5. — During  the  first  three  months  of  the 
the  rainfall  was  heavy  and  the  water  level  in  the  surrounding  canals 
side  the  district  was  from  i  to  2  feet  above  normal.  As  a  result  coi 
erable  seepage  entered  the  district,  and  the  amount  pumped  during  t 
months  was  above  normal.  The  following  three  months  were  very 
and  no  pumping  occurred.  The  summer  months  were  about  normi 
to  percentage  of  rainfall  pumped.  At  the  end  of  September  the  rec 
were  rendered  abnormal  by  the  entrance  of  outside  water  into  the  dist 
and  records  were  not  resumed  until  the  end  of  the  year.  The  amoui 
cultivated  land  was  increased  to  800  acres.    (See  Table  VIII.) 

JEFFERSON   drainage  DISTRICT  NO.    3 — AREA,    5,000  ACRES 

This  district  is  located  about  25  miles  southwest  of  New  Orlean 
Bayou  Barataria.     One  entire  side  of  the  district  is  bounded  by  the  al 
bayou,  and  two  other  branch  bayous  border  the  ends  of  the  district, 
remaining  side  is  bordered  by  a  canal  dug  for  the  purpose  of  obtai 
material  for  the  levee.    About  three-fourths  of  the  levee  on  this 
is  located  on  the  solid  banks  of  the  bayous;  consequently  little,  if 
seepage  enters  the  district.     Except  a  very  narrow  strip  of  solid  day 
along  the  bayous,  the  soil  of  this  district  is  the  usual  prairie  muck, 
muck  originally  varied  in  thickness  from  i  to  4  feet.    Most  of  the  sui 
was  covered  with  the  ordinary  prairie  grass.     Except  for  a  small  el 
tion  of  periiaps  2  feet  along  the  bayous,  the  surface  of  the  district  is  1 
and  has  an  elevation  of  i  foot  or  less  above  average  water  in  the  surroi 
ing  bayous.    The  inside  canals  are  quite  extensive  and  are  so  spaced 
the  longest  field  ditch  is  but  2,000  feet  in  length.    The  storage  capi 
of  the  canals  is  about  0.60  inch. 

Ditching  was  started  early  in  191 3,  and  by  the  end  of  the  year  nc 
the  whole  area  had  been  drained  with  ditches  at  a  spacing  of  220 ; 
Pumping  operations  were  started  in  February,  191 3,  and  thereco: 
operations  was  started  on  March  12.  Except  for  a  small  amount  of  ] 
along  the  bayou,  no  cultivation  was  done  in  1913.  Under  ave 
conditions  the  capacity  of  the  pumping  plant  is  1.25  inches. 

Conditions  during  1914. — During  the  year  the  district  was  all  drai 
The  cutting  of  the  field  ditches  was  completed,  and  all  canals  1 
cleaned  and  deepened.  After  the  canals  were  cleaned  it  was  not  ne 
sary  to  run  the  plant  on  as  many  days  as  was  formerly  the  case,  s 
the  water  could  be  more  completely  taken  out  of  all  the  canals  and  it 
not  necessary  to  stop  the  plant  and  wait  for  the  water  to  flow  t( 
While  three  heavy  rains  occurred  during  the  early  part  of  the  year, 
ground  was  unusually  dry  in  each  case  before  the  rain,  so  that  no  '\ 
heavy  pumping  was  necessary;  in  fact,  the  plant  was  not  operated  at 
capacity  during  the  entire  year.  By  the  end  of  the  year  200  or  300  a 
of  land  were  under  cultivation. 

Conditions  during  191 5. — ^The  entire  area  was  well  drained  throi 
out  the  year.    Very  heavy  rainfalls  occurred  in  September  and  Octo 
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Jant  removed  all  drainage  water  promptiy.  The  cul- 
bout  250  acres  at  the  beginning  of  the  year  and  was 
1  to  about  600  acres  by  the  end  of  the  year.     (See 

fAGE     DISTRICT     NO.     12,     SUBDISTRICT    NO.    3 — AREA, 
2,250  ACRES 

located  about  3  miles  southwest  of  Raceland  in  the 
d  of  the  Lafourche  section.  It  has  a  natural  slope 
to  Lake  Fields.  The  highest  part  of  the  district  is 
»ve  mean  low  water  in  the  lake  and  the  lowest  part 
yw  water  level.  The  whole  of  the  area  was  originally 
er  of  turfy  muck  from  i  to  3  feet  thick.  The  subsoil 
:ey  day.  The  levees  around  the  district  were  built 
n  from  the  outside  of  the  drained  area  and  have  been 
ler  work.  Except  at  times  of  very  high  water  in  the 
s^ays  and  canals  outside  the  area,  it  is  believed  that 
t  enters  the  district.  The  interior  drainage  system 
but  requires  some  smaller  collecting  ditches  to  take 
e  small  field  ditches.  The  storage  capacity  of  these 
about  0,50  inch. 

first  inclosed  in  March,  1910.  Nearly  all  the  field 
luring  that  year,  and  the  remaining  ditch  work  was 
rly  part  of  1912.  Pumping  operations  were  started 
an  addition  to  the  plant  made  in  191 2,  the  capacity 
ditions  is  about  1.15  inches  per  24  hours.  Drainage 
^  continously  since  1910.  The  records  of  operations 
cember,  1912. 

started  on  this  district  early  in  1910,  and  the  area 
i  until  in  191 3,  the  first  year  of  records,  about  800 
tivation.  During  191 3  the  entire  district  was  well 
tions  in  general  were  practically  normal. 
ING  1 914. — ^The  entire  district  was  well  drained  during 
some  very  heavy  rains  occurred,  the  plant  was  of 
The  rain  that  gave  the  heaviest  run-oflf  occurred  in 
November  on  a  very  wet  soil.  In  the  first  24  hours  of 
ips  lowered  the  water  1.5  feet  in  the  canals,  and  at 
rs  they  were  stopped,  as  the  water  had  been  lowered 
pumping  for  the  year  was  quite  close  to  the  amount 
mally. 

nearly  all  the  field  ditches  were  placed  and  maintained 
ind  about  2,000  acres  of  the  district  were  in  cultivation. 
LING  1915. — During  the  entire  year,  except  October, 
ell  drained.  During  that  month  some  water  entered 
mtside,  and  the  records  were  interrupted.  With  the 
LTSt  two  months  of  the  year,  the  spring  and  summer 
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months  were  very  dry  and  little  pumping  was  done.     All  the  field  ditc 
were  cleaned  out,  and  the  entire  area  was  cultivated.     (See  Table  X. 

TABLES    OP    RAINFALL    AND    RUN-OFF 

In  the  tables  (I-X)  the  monthly  and  yearly  summaries  for 
various  districts  are  given.  At  the  end  of  each  of  the  tables  i 
statement  of  the  average  amounts  of  rainfall,  run-ofF,  etc.,  for  the  pei 
covered  by  the  records  for  that  district,  proper  corrections  having  b 
made  for  such  times  as  the  records  were  temporarily  suspended  or 
conditions  as  to  rainfall  or  run-off  were  abnormal.  As  each  dist 
has  local  characteristics,  it  is  considered  that  any  figure  obtained 
taking  a  general  average  of  the  values  for  all  of  the  districts  would 
of  no  special  significance.  However,  pertain  of  the  districts  and  ye 
have  been  selected  as  being  typical  of  conditions  prevailing  on  la 
reclaimed  from  the  wet  prairies  of  southern  Louisiana.  These  distr 
and  years  are  as  follows:  Lafourche  Drainage  District  No.  12,  Sub 
trict  No.  3,  1913,  1914,  1915;  Unit  No.  i,  Poydras,  La.,  1914,  1915; 
Allemands  Polder  No.  i,  191 4;  Jefferson  Drainage  District  No.  3,  ic 
1 91 5;  Gueydan  Drainage  District,  Subdistrict  No.  i,  191 5.  Where 
period  during  191 5  did  not  cover  an  entire  year,  the  yearly  totals  h 
been  corrected  proportionately  before  averaging.  The  results  are 
follows:  Average  rainfall,  48.95  inches;  average  run-off,  21.56  incl 
average  number  of  days  on  which  pumps  operated,  90. 

The  above  annual  rainfall  is  somewhat  below  the  mean  annual  rain 
for  New  Orleans,  but  it  is  believed  that  the  percentage  of  rainfall  app 
ing  as  run-off  (44  per  cent)  is  not  greatly  in  error  for  average  conditi< 
With  this  percentage  and  a  mean  annual  rainfall  of  56  inches,  the  amo 
of  run-off  to  be  expected  per  year  under  average  conditions  would 
24.6  inches. 

TablS  III. — Rainfall  and  run-off  on  Lafourche  Drainage  District  No.  12,  Subdi* 
No.  J,  Aprils  1914,  to  December,  191$,  inclusive 


Month. 


Rain- 
fall. 


Run- 
off. 


Rain- 
faUin 
nin- 
off. 


Rain 
feU. 


Month. 


Rain- 
faU. 


Rain- 
Run-ifallin 


off. 


run- 
off. 


Pmnps  ] 


^:: 


June. 

July 

Auffust 

Sefytembero. 
October  .... 
November . . 
December. . . 

Total. 


In. 
S.  ao 
a.  8s 
4.63 
8.00 
7- SO 

*7.  00 
.00 

la  90 


In. 

3-39 
•9S 
.64 

3- 14 

X.94 


P.  a. 
65.3 

33-3 
13.  8 
39-3 
as.  9 


Days. 
3 
5 

a 
7 

S 


Days. 

s 
4 
4 
7 
8 


8-03 
5-37 


73.6 
161.  7 


X9X  s — Continued . 

April 

May 

June 

July 

Auffust 

September 

October  « 

November. 

December 


In. 
aoo 
X.61 
1.66 
5- 09 
6.99 
a.  10 


In. 
0.00 
.00 


P.ct. 


Days. 


x-55 
X.30 


«9X5- 

January 

February . . 
March 


4- 40 
6.30 
a.  a3 


7.06 
6.6s 
4-03 


56.4 


160.6 
105.  S 
i8a8 


Total 

Averages 
for  pe- 
riod (x.s8 
years).... 


61.7s 


a8.o 


58.7 


^1 


o  Averages  do  not  include  September,  19x4. 
<:  The  record  for  October,  19x5,  is  omittoi. 


^  Not  mduded  in  total. 
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7.— Rainfall  and  run-off  on  New  Orleans  Land  Company  tract,  June,  iQog,  to 
December,  1915,  inclusive 


Rain- 
fall. 


Run- 
off. 


I 


In. 
I  2.15 

6.  72 
I  5-34 

1.40 

3-44 
;  1.26 
!   7-43 


In. 

0.63 

.88 

T.  21 
•24 
1.4a 

.66 
4' 95 


27.  74  I  9-  98 


.90 

4-J4 

3-ai 

1. 10 

7-25 

6.39 

II.  41 

7. 10 

5- 50 

'!   1-74 

\  2.06 

'  3- 12 


.84 
(«) 

2.  22 
.76 

X.  16 

1.07 

5-35 
Z.82 
(°) 
(°) 
.82 
1-73 


•  53-92  115-77 


I   I- 90 
1-49 

•  5-19 

•  12.  56 

•,  2.39 
I  6.17 

•  6.84  I 
.1  7-63 
.1  4.08 

•  2.41 
.    4.18 

•  7.38 


62.  22    32. 69 


4.48 

3.70 

9.3a 

8.41 

4.73 

a.  5a 

8.37 

6.99 

9.88 

2 

7 

3 


Rain- 
faU 


run- 
off. 


P.ct. 
28.8 
".3 
22.  7 
17.0 
41-3 
52.4 
66.6 


Days. 
5 
13 
14 
6 
5 
5 
9 


36-0 


93-3 
(«) 
69.  a 
69.0 
16.0 
16.7 
46.9 

I 

39-8 
55-4 


2.43 

127.9 

.96 

64.4 

3-73 

71.9 

8.8z 

71.4 

3-27 

135-8 

1. 16 

18.8 

3- 04 

44.4 

a.  09 

27.4 

I- 13 

27-7 

.76 

31-5 

.88 

21. 0 

4.43 

60.1 

5.60 

a.  34 

8.a2 

7-59 

a.  99 

i.as 

X.79 

.89 

.6a 

.90 

X.  21 

7-19 


Z25.0 
63.2 
88.a 
90.  a 
63.3 
49-6 
ai.4 
xa.7 
ax.  5 
52.3 
55-8 
68.9 


61.9 


Rain 
fell. 


57 


22    i 

7  I 

8 

8 

4 

9 


15 
108 


Month. 


Rain- 
fall. 


X913.  In. 

January' 4.  59 

February i.  76 

March 4. 07 

April 4.  so 

May 7.  70 

June 2.40 

July ;  6.33 

August 6.6- 

Septcmber 10. 92 

October 5. 41 

November 3. 02 

December i.  41 

Total 

1914. 

January 

Februar>' 

March 

April 

May 

June 

July....; 

August 

September 

October 

November 

December 

Total 

1915- 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

Averages   for    pe- 
riod (6.33  years) . 


58.72 


X'33 
5-91 
4.76 
3-84 
1-57 
2.97 
7.70 
8.75 
7.89 
.88 
4- 30 
4.  19 


54-09 


6.35 
4.71 
X.42 
.04 
4.51 
3-47 
8.21 
6.60 
2.  70 
10.  25 
X.64 
4.  12 


Run- 
off. 


In. 
4.4X 
a.  78 
a.  70 
3.46 
a.  85 

.79 
1. 91 
3-25 
7.02 
3-41 

.96 
I.  6s 


.87 
X.78 
4.07 
3- 03 
.78 
.  22 
3.  70 
3-27 
4.92 
1.92 
X.  71 
a.  84 


28.  zi 


S-37S 

4-215 

a.  435 

•495 

.385 

.865 

3-360 

2.440 

.890 

9-520 

J-  150 

2.  095 


33-  225 


30.78 


Rain- 
fall 


run- 
off. 


P.ct. 
96.  o 
158.0 
66.5 
54-6 
37- o 
32.9 
30.1 
49-2 

64.3 
63.0 
31.8 
1x7.0 


58.2 


65-4 
30.  I 
85-5 
78.9 
49-7 
7-4 
35-1 
37-4 
62.4 

2Z8.  2 

39-8 
67.8 


52.0 

84.6 
89.5 
171.  2 


Rain 
fell. 


Days. 
7 
6 
8 

4 
9 
9 
17 


8.5 
24.9 
40.9 
37- o 
33-0 
92.9 
70-  2 
50.9 


61.5 


4 
7 
5 
3 
5 
9 
14 
10 
4 
6 


a  Record  omitted. 
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infall  and  ruiuoff  on  Little  Woods  tract,  Jantiary,  1913,  to  December, 
1915,  inclusive 


Rain 

ua- 

Rtm- 

faUin 

Plniip^i 

Rain 

n. 

ofF. 

raxi- 
off. 

ran. 

felL 

». 

In. 

P.ct 

Days. 

Days. 

40 

5.36 

xa3.o 

3« 

10 

3-33 

X58.5 

a8 

30 

3.40 

64.2 

a6 

50 

X.S« 

45- « 

»5 

40 

X.44 

32.7 

8 

45 

l«3 

32.6 

6 

10 

87 

.z6 

5.6 

X 

X3 

95 

.3« 

7.8 

a 

90 

a.  8  J 

28.5 

15 

X7 

a7 

2.83 

36.6 

a8 

90 

•94 

49>5 

6 

00 

z.oo 

xoao 

6 

04 

^30 

51.8 

z8a 

93 

xo 

0.9X 

8a.  s 

5 

40 

X.78 

87-8 

8 

go 

6.X3 

U$.l 

aa 

80 

3.88 

80.8 

z8 

30 

•43 

ax5.o 

6 

40 

X3^X3 

75^5 

59 

so 

zo 

X.  XO 

XO0.0 

«4 

40 

X-44 

aa-s 

ao 

90 

3-«9 

67.a 

31 

Bo 

3^a7 

68.x 

a6 

70 

•85 

iax.4 

U 

Mcnth. 


1914. 

June 

July 

August 

September. . 

October 

November . . 
December.. . 

Total. 


1915. 

Jamiary 

February 

March 

April 

May 

Jux»e 

July 

Ancust 

September. . 
Octcfeer»... 
November  ^  . 
December. . . , 


Total. 


Rain- 
fall. 


In, 
4- 30 
7.  ao 
8.40 
a.  80 
a.  00 
3- 90 
4*  10 


5a  60 


7.60 
4.60 
a.xo 
.00 
3.  ao 
3.40 
7.30 
6.50 
a.  xo 


4«.8o 


<:  Avenges 

for  period 
(x.83yeai») 


Run- 
off. 


In. 
o.a8 
X.  x8 
a.  66 
X.  ao 
X.03 
X.40 
a.  76 


ao.46 


6.X6 

4.89 

3-«i 

•34 

.38 

•43 

3-39 

X.38 


4.06 


24-45 


Rain- 
iallin  Pumps 
run- 
off. 


P.ct 
6.5 
X6.4 
3«-7 
42.9 
51- S 
35-9 
67.3 


40.0 

8x.x 
xo6.a 
XS3.0 


8.8 

xa.6 
46^5 
ax.  a 

XX.9 


67.7 


47-60 


Days. 
17 
27 
25 

21 
27 
36 
31 


Rain 
fell. 


pays. 

7 
16 
13 
4 
3 
7 
6 


ft  Records  suspended.      « Indndes  only  the  time  that  conditions  were  typicaL 

lifrfall  and  run^offon  Des  Allemands  Polder  No.  i,  January,  191 3,  to 
September,  1915,  inclusive 


Rim. 
off. 


Ins. 
2.97 

3.  x8 
a.  62 
1.86 
X.31 
•34 
a.  56 
a-  27 
5- 15 
5-37 
1.02 
2.01 


Ratn- 
fallin 
run- 
off. 


P.ct 
84.9 

147- o 
62.3 
86.S 
36.6 
18.  X 
27.2 
81.  X 
53-7 

125.0 
62.3 

loao 


Pumps 
ran, 


S7   30.86 


.92 
a.  86 
3-99 
3-52 
•49 
•45 
•43 
9-49 
X.84 


65.x 


92.0 
50.  a 
84.0 
76.5 
6X.3 
X8.8 
X6.S 
30.4 
42.8 


Days. 
24 


Rain 
feU. 


Days. 
6 
6 

7 
3 
5 
2 
6 
4 
9 
5 
3 
3 


Month. 


19x4. 

October 

November.. 
December. . . 

Total. 


X9X5. 

January 

February . . . . 

March 

April 

May 

June 

July 

August 

September. . . 
October  «  . . . . 
November » . 
December  a.. 

Total.. 


Averages 
for  period 

(a.75  years) 


Raixi- 
fall. 


In. 
o.  90 
6.75 
3.70 


Run- 
off. 


In. 
a6o 
3-39 

4-85 


45-70   25.83 


7.2X 

6.  15 
2.  X5 

.00 
Z.00 

.00 
5.00 
4.  70 


a8.4X 


6.78 
8.26 
3.84 


X.49 
X.  28 


28.6 


Rah^ 
faUin 
run- 
off. 


P.ct, 
66.7 
50.2 
I3I-X 


56.5 


94-0 
134-2 
178.5 


29.8 
37.  a 

X3-2 


64-7 


Pomps 


Days. 


Rahi 
feU. 


Days. 
a 
■3 
S 


relates  do  not  include  October,  November,  and  December,  X9X5. 
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rrUAL  RATES  OF  RUN-OFF  DUE  TO  HEAVY  STORMS 

foregoing  tables  of  rainfall  and  run-off  the  figures  under  the 
eaded  "Run-off,"  with  the  exception  of  those  shown  for  the 
ins  Land  Company  tract,  are  in  fact  the  amounts  pumped 
n  the  rim-off  of  the  water  from  the  surface  into  the  main 
hannels.  In  the  case  of  the  tract  excepted,  the  water  dis- 
r  gravity  as  fast  as  it  enters  the  main  outfall  channel.     For 

entire  period  covered  by  the  record  of  each  plant,  an  hourly 
s  been  made  of  the  stage  of  water  in  the  main  reservoir  canal 
operation  of  the  pumping  plant.  The  amoimts  of  water  stored 
1  drainage  channels  at  the  different  levels  have  also  been  calcu- 

this  means  the  amounts  ptunped  per  day  during  the  heavy 
^e  been  so  adjusted  for  a  number  of  t3rpical  storms  on  each 
It  the  final  results  represent  approximately  the  quantity  of 
ih  would  have  been  removed  had  the  pumps  taken  the  water 
It  entered  the  main  reservoir  channels;  in  other  words,  these 
resent  approximately  the  true  run-off  for  the  storms  selected, 
xception  of  a  very  few  heavy  storms,  only  those  were  selected 
irred  when  the  land  in  the  district  was  saturated,  or  at  least 

[  gives  the  dates,  rainfall,  and  revised  nm-off  for  these  selected 
Q  the  columns  headed  "Rainfall"  are  indicated  by  the  words 
Dry,"  etc.,  the  condition  of  the  land  at  the  beginning  of  the 
yds.  •  While  the  run-off  is  given  as  for  consecutive  dates  after 
Lng  of  pumping,  this  is  not  strictly  correct,  as  the  run-off  was 
:or  24-hour  periods  following  the  starting  of  the  pumps,  regard- 
calendar  dates.  Following  each  table  are  shown  the  number 
;orms  occurring  when  the  land  was  dry  and  the  number  occur- 
;he  land  was  wet.  These  figures  include  all  of  the  2-  and  4-inch 
t  occurred  during  the  entire  period  of  observation. 

XI. — Typical  heavy  storms  and  probable  actual  run-off  of  all  districts 

SMrrHPORT  PLANTING  COMPANY  TRACT  « 


Rainfall. 


Run-off. 


Rainfall.       Run-off. 


Inches. 
1.68 
2.80 

Moist. 


Inches. 
a89 

I.  IS 
.48 
.  II 


Sept. 


1.02 
2.  02 
Dry. 


3- 00 
Moist. 


•97 
•50 
.  02 
I.  02 
.48 
•03 


1913- 
12 

13 

14 

15 

26 

27 

28 

29 


Inches. 
0.80 
3.00 

•15 
Wet. 

.42 
2.80 
Wet. 


Inches. 


1.27 

I.  15 

•03 


.  20 

.63 

13 


Feb. 
Mar. 


1914. 

27 

28 

I 


2.00 
Wet. 


.  10 
'74 


1909.  to  December.  19x5,  of  all  of  the  storms  of  over  a  inches.  8  occurred  on  dry  land  and  ax 
those  of  over  4  inches,  3  occurred  on  dry  land  and  x  on  wet  land. 
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pical  heavy  storms  and  probable  actual  run-off  of  all  distr 

»UKCHS  DRAINA09  DISTRICT  NO.   12,  SUBDISTRICT  NO.    jO 


Rainfall. 

Rim-off. 

Date. 

lUisfaU 

InckMs. 
6.50 
Dry. 

Iruku, 
aoo 
2.06 

2.06 

X.  XX 

.29* 

.29 

1915. 
Tftti-    27, 

Indm. 

2.f 

Wet 

2A, 

25 

4.20 
Moist. 

Feb.   4 

2.3< 

Wet 

e 

t. ...  ...: 

Tiilv    X 

j^ 

± 

r 

N9W  OKLSANS  LAND  COMPANY  TRACT  ^ 


4.03 

Saturated 


3.80 
Saturated 


2-74 

Wet. 

.80 


3..80 
Moist. 


I- 15 


2.41 
Saturated 


2.30 
Wet. 


3.60 
2.  40 
Saturated 


2. 10 
1.60 
flWatcr  on 
\|  surface 


•34 
•33 
•32 
•31 

•76 
•41 
•36 

•30 
.00 
1. 19 
•51 
•27 
.  00 

•95 
.76 

.58 

.64 
.46 

'33 
.26 
.42 
•30 
.23 
.  20 


1.09 

-t 

.42 

•31 

1.42 

1.08 

.69 

.44 


X9X2. 
Apr.    19.... 

"^^  I:::: 


May  22 
23- 
24. 

Aug.   17. 
Aug.    18. 

Sept.  14. 

15- 
16. 

18. 


1913- 


X914. 

Apr.    19 

20 

21 

Aug.   26 

27 

28 

29 

30 

Sept  24 

25 

26 

Dec.   29 

30 

31 


1.0 
o 


I 


X.  6, 
Wet 


2.6 
Wet 


.-     ^3 

Water  < 

surface 


j5ry 


1.4 
X.8 

Dry 


Saturate 


2.  o 
Moist 


r.  19x3,  to  December.  19x5.  of  all  of  the  ftonna  of  over  a  indies.  4  o 
md;  01  those  of  over  4  inches,  3  occurred  00  dry  land  and  3  00  wet  land 
r  storage  in  canal. 

).  to  December.  19x5.  of  all  the  storms  of  oivcr  s  inches,  xa  ocoirred  00  < 
•eof  0fvcr4inches.  x  occurred  on  dry  land  and  3  00  wet  land. 
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Typical  heavy  storms  and  probable  actual  run-off  of  all  districts — Contd. 

SYDON  DRAINAGB  DISTiaCT,  SUBDISTRICT  NO.    I— continued 


lUmfaU. 


Inches. 

Wet. 


Wet. 


3-50 
Moist. 


5-77 
Dry. 


Run-off. 


Inches. 
O.  96 
.92 
.84 

.57 
0.96 

I- 30 
.90 
.27 


Date. 


Apr.  23. 
24. 
28. 
29. 

30- 
May  I. 
Nov.  13 . 
14- 
15- 
26. 

27- 

28. 


I9I4. 


July 


1915- 

4 

5 

6 

7 


Rainfall. 


Inches. 


1-35 
Moist. 


•75 

Moist. 
•45 

2.  ID 

Wet. 


3.85 

.  12 

Wet. 


Run-off. 


Inches. 


0.39 
.02 

99 
53 
77 
52 
04 
80 
13 
45 
55 
31 


oi.  19 

1.44 

.41 

.16 


UnXB  WOODS  TRACT  b 


2.  70 

Wet. 


1. 00 

3.10 

1.40 

.  10 


.06 
.60 
.  02 


.60 
.41 
.19 


July 

7. 

8. 

Dec.    16. 

17- 
18. 
19. 


1915- 
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.  X908,  to  December.  19x5,  oC  all  the  storms  of  over  a  indies,  zz  oocurred  on  dry  land  and 

those  of  over  4  inches,  2  occurred  on  dry  land  and  4  on  wet  land. 

ler.  X913.  to  December,  Z9zs.  of  all  the  storms  of  over  a  inches,  xo  occurred  oa  dry  land 

1;  of  tboae  of  over  4  inches,  a  occurred  on  dry  land  and  a  on  wet  land. 
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No.  xa  and  New  Orleans  Land  Company  tract. 
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each  set  of  curves  is  shown  the  area  of  the  district,  the  average  capacity 
of  the  pumping  plant  per  24  hours,  and  the  storage  capacity  of  the 
main  drainage  channels  between  the  surface  and  a  level  5  feet  below. 
From  these  separate  curves  composite  curves  have  been  drawn  which 
represent  the  average  run-oflf  from  all  the  districts  (fig.  5). 

It  is  evident  that  the  effect  on  the  run-off  of  a  change  in  the  capacity 
of  the  pumping  plant  can  not  all  be  measured  by  the  change  of  level 
of  the  water  in  the  main  reservoir  channels,  as  greater  slope  and  velocity 
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Via.  5.— Cdmpostte  curves  for  eis^t  districts,  showing:  probable  nm-off  for  storm  periods  ol  from  one  to 

four  days. 

of  water  occur  in  the  drainage  channels  when  a  larger  pumping  plant 
is  installed.    This  effect  extends  even  to  the  small  field  ditches. 

In  estimating  the  run-off  likely  to  result  from  an  assumed  storm  on 
a  gjmn  district  the  curve  used  should  be  that  for  the  district  which 
lesembles  the  given  district  in  area,  pumping^lant  capacity,  reservoir 
capacity,  and  general  conditions.  The  curves  may  be  considered  only 
as  representing  general  tendencies  and  not  definite  values.  They  should 
be  of  service,  however,  in  making  the  proper  adjustment  between  reser- 
voir and  pumping-plant  capacity.  A  method  for  making  this  adjust-- 
16753^—17 3 
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ment  has  been  outlined  by  Okey.*  It  is  believed  that,  in  general,  after 
a  capacity  of  about  0.50  inch  oi  water  over  the  area  drained  has  been 
provided  in  the  main  reservoir  channels  between  the  surface  and  a 
level  5  feet  below  it  will  be  cheaper  to  obtain  increased  capacity  to 
handle  storms  by  enlarging  the  pumping  plant  rather  than  the  reservoir. 
This  will  depend,  however,  on  local  costs  for  excavation  and  pumping 
machinery. 

TablB  XII. — Average  yearly  number  of  storms  cf  given  intensities,  based  on  daily  raii^ 
fall  records  ef  the  United  Sto^^r  Weather  Bwreau  for  New  Orleans,  La.,  1871  to  igis, 
inclusive 
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In  determining  the  proper  combined  capacity  of  ^e  pumping  plant 
and  reservoir  the  main  factor  to  be  considered  is  the  amount  of  rainfall 
in  an  assumed  period  for  which  provision  is  to  be  made.  Examinaticms 
of  the  daily  rainfall  records  of  the  United  States  Weather  Bureau  at 
New  Orleans  from  1871  to  1915  have  been  made,  and  the  results  are 
shown  in  Table  XII.  As  the  accompanying  curves  were  prepared  with 
data  from  storms  which  occurred  when  the  land  was  wet,  a  determina- 
ticm  has  been  made  of  the  proportion  of  storms  which  occur  when  the 
land  is  wet.  Of  all  the  storms  of  over  2  inches  in  24  hours  which  have 
occurred  on  the  districts  during  the  time  covered  by  the  records,  64  per 
cent  occurred  on  a  wet  and  36  per  cent  on  a  dry  surface;  of  all  storms 
over  4  inches  the  percentages  are  54  per  cent  and  46  per  cent,  respec- 
tively. Of  course  the  storage  capacity  of  the  land  influences  the  run-off 
from  the  small  storms  relatively  much  more  than  it  does  that  from  the 
large  ones.  However,  an  examination  of  the  daily  rainfall  and  pumping 
records  will  show  that  heavy  rains  on  a  dry  soil  do  not  make  very  heavy 
demand  on  the  pumping  plant.    It  is  believed,  therefore,  that  a  reduc- 

>  OKBY.  C.  W.    nm  WBT  I^ANDS  Of  80UTHBKN   U>UIS1AMA  AND  THVK  DRAINAOB.     U.  S.  Dcpt  AfT. 
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tion  of  about  30  per  cent  in  the  average  frequency  of  storms  could  be 
made  safely  and  that  the  resulting  figure  would  be  the  proper  one  for 
use.  If  the  character  of  operations  that  are  to  be  conducted  on  the  land 
of  a  given  district  is  known,  a  decision  can  then  be  made  as  to  the  heaviest 
storm  for  which  provision  must  be  made.  On  a  district  where  staple 
crops  are  to  be  raised  it  would  be  economical  to  allow  a  certain  amount 
<tf  flooding  oftener  than  would  be  advisable  on  land  where  high-priced 
truck  crops  are  to  be  raised,  while  in  residence  districts  it  would  be  very 
desirable  to  prevent  all  surface  flooding.  In  addition  to  the  damage  to 
crops  due  to  flooding,  there  are  other  factors  to  be  considered,  such  as 
inconvenience  to  residents  and  the  possible  depressing  influence  on  land 
vahies  of  floodings  occurring  even  at  infrequent  intervals. 
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DIAGNOSING  WHITE-PINE   BUSTER-RUST   FROM    ITS 

MYCELIUM 

By  RsoiNAU)  H.  CoixBY, 

Assistant  Pathologist,  Investigations  in  Forest  Pathology,  Bureau  of  Plant  Industry, 
United  States  Department  of  A  gricuUure 

INTRODUCTION 

The  mycelium  of  CronarHum  ribicola  Fischer,  the  causal  organism  of 
the  white-pine  blister-rust,  can  be  found  among  the  cells  of  Pimis  strobus 
L.  for  some  time  before  the  spores  of  the  fungus  are  produced.  The 
examination  of  thousands  of  sections  of  diseased  bark  has  convinced  the 
writer  that  the  morphological  characters  of  the  mycelium  and  its  method 
€t  parasitism  are  sufficiently  distinctive  to  warrant  the  assertion  that  the 
Uister-rust  can  be  recognized  from  the  mycelium  alone. 

The  stains  generally  employed  in  the  preparation  of  sUdes  for  diagnosis 
are  safranin  and  lichtgruen.  The  use  of  these  two  stains  is»  of  course, 
abeady  well  established  in  both  zoological  and  botanical  work,  and  their 
employment  in  combination  is  by  no  means  new.  They  are  particularly 
valuable  in  the  study  of  the  blister-rust  mycelium  because  they  not  only 
stain  host  and  parasite  at  the  same  time  but  they  also  bring  out  extremely 
well  the  anatomical  features  of  the  host  tissue.  It  has  alwa3rs  seemed  to 
the  writer  that  more  detailed  accounts  of  the  experiences  of  investigators 
in  handling  stains  would  be  of  very  great  value  to  students.  Accordingly 
the  method  which  has  been  employed  is  given  below,  step  by  step,  with  the 
hope  that  it  may  be  useful  and  suggestive  to  investigators  of  both  normal 
and  pathological  anatomy.  Throughout,  the  writer  has  kept  in  mind 
the  fact  that  there  has  been  very  little  published  in  this  country  on  the 
use  of  the  stains  in  combination. 

METHOD  OF  DOUBLE  STAINING 

(a)  Sections. — ^Free-hand  sections  of  white-pine  bark  can  be  made  to 
answer  very  well  if  no  microtome  is  available,  but  many  more  sections  of 
abetter  quality  can  be  obtained  with  an  ether  or  carbon-dioxid  freezing 
attachment  and  a  small  microtome.  Radial  longitudinal  sections  are 
best,  for  in  them  the  medullary  rays  are  exposed,  and  in  infected  bark 
the  mycelium  of  the  bUster-rust  is  generally  closely  associated  with  the 
cells  of  the  ra}rs.  The  sections  should  include,  where  practicable,  the 
whole  width  of  the  bark^  the  cambium  region,  and  three  or  four  armual 
rings  of  wood.  Such  sections  are,  of  course,  larger  than  can  be  conve- 
niently cut  with  a  section  razor  by  hand,  but  it  is  perfectly  possible  to 
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cut  them  with  the  freezing  microtome  if  the  operator  is  careful  not  to 
cut  them  too  thin.  The  advantage  in  having  sections  of  such  laige  size 
lies  in  the  fact  that  the  observer  can  explore  the  whole  of  the  suscep- 
tible regions  for  evidence  of  the  mycelium  of  the  parasite  under  condi- 
tions really  favorable  for  its  discovery. 

No  killing  solution  is  used,  but,  so  far  as  can  be  observed,  no  shrinkage 
at  all  occurs  in  the  hjrphae,  and  but  little  in  the  host  cells  of  fresh  speci- 
mens. The  blocks  of  bark  and  wood  should  be  cut  into  pieces  approxi- 
mately yiio  }i  inch  on  a  side.  The  prepared  blocks  are  then  soaked 
for  about  lo  minutes  in  a  lo  per  cent  aqueous  solution  of  gum  arabic 
containing  0.5  per  cent  of  phenol.  Blocks  cut  from  fresh  specimens  can 
be  put  to  soak  at  once.  If  the  specimen  is  old  and  dry,  the  blocks  should 
be  boiled  before  being  put  into  the  gum  arabic.  The  same  strength 
gum-arabic  solution  is  used  as  a  freezing  medium.  If  the  material  be 
embedded  in  para£5n,  the  usual  process  of  sectioning  and  mounting  can 
be  followed.  Excellent  sections  of  young  pine  bark  extending  from 
cambium  to  epidermis  can  be  easily  cut  5  m  thick  from  paraffin  material. 
However,  for  ordinary  diagnosis  or  morphological  study  of  the  fungus 
h3rph£  sections  15  to  20  m  thick,  cut  on  the  freezing  microtome,  are  very 
satisfactory.  Such  sections  should  be  removed  from  the  knife  with  amoist 
camel's-hair  brush  and  rinsed  in  several  changes  of  clean  water.  They 
can  be  handled  very  conveniently  in  bevel-ground  S3rracuse  watch  glasses. 

(6)  Stains. — ^The  stains,  safranin  and  lichtgruen,  should  be  kept  in 
dropper  bottles  of  25-to-50-c.  c.  capacity  and  used  from  the  dropper  or 
pipette.  Similar  bottles  should  be  used  for  absolute  alcohol,  clove  oU, 
and  xylol.  The  writer  uses  the  alcoholic  solution  of  safranin  almost 
exclusively.    This  method  is  described  by  Chamberlain  ^  as  follows: 

The  alcoholic  solution  is  made  by  dissolving  x  g.  of  the  alcoholic  safranin  in  100 
c.  c.  of  95  per  cent  or  absolute  alcohol,  and,  after  the  safranin  is  completely  dissolved, 
adding  50  c.  c.  of  distilled  water. 

This  stain  may  be  used  over  and  over  again,  but  it  should  preferably 
be  filtered  back  into  the  drop  bottle  after  each  staining.  A  convenient 
stock  solution  of  lichtgruen  is  a  i  per  cent  in  95  per  cent  alcohol.  A  con- 
venient strength  for  use  is  one-half  stock,  made  by  diluting  the  stock 
with  an  equal  volume  of  95  per  cent  alcohol.  For  thin  sections,  how- 
ever, from  paraffin  material,  better  results  can  be  obtained  by  the  rapid 
use  of  the  stain  at  full  strength.  In  addition  to  the  regular  drop  bottle 
pipettes,  there  should  be  two  or  three  others  of  good  capacity  and  small 
tube  opening  for  use  in  draining  off  the  stains  or  excess  reagents  during 
the  steps  of  the  process. 

(c)  Staining  process. — ^The  sections  should  be  rinsed  several  times 
and  then  drained  of  all  excess  water  and  a  generous  quantity  of  safranin 
added.    This  stain  should  remain  for  from  two  to  four  hours,  after 
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it  may  be  drawn  off  and  kept  to  be  filtered  back  into  the 
.  By  tilting  the  watch  glass  the  sections  can  be  grouped 
s  side  of  the  watch  glass.  Then,  after  the  safranin  has  been 
my  excess  red  in  the  dish  may  be  wiped  out  with  a  cloth. 

be  laken  that  the  sections  do  not  dry  out.  The  lichtgruen 
dded  as  soon  as  the  excess  safranin  is  removed.  A  muddy 
red  and  green  results.  The  lichtgruen  replaces  the  safranin 
y,  so  that  a  minute  is  usually  the  maximum  time  necessary 
the  proper  green  tint.    The  writer  shakes  the  watch  glass  as 

Ugbtgruen  is  added,  then  draws  off  the  red-green  mixture, 
few  drops  of  fresh  Uchtgruen.  The  green  stain  should  not 
to  act  long  enough  to  wash  out  too  much  of  the  safranin. 
quired  depends  on  (i)  the  thickness  of  the  sections,  (2)  the 
ctions  were  stained  in  safranin,  and  (3)  the  strength  of  the 
olution.    The  used  lichtgruen  should  be  thrown  into  a  waste 

fONG  AND  MOUNTING. — ^Aftcr  the  rcmoval  of  the  green  stain, 
:x)hol  should  be  added  immediately  and  the  watch  glass 
laken.  This  absolute  alcohol  should  be  drawn  off  and  saved 
ar,  and  the  sections  treated  with  fresh  absolute  alcohol  for  a 
two,  the  total  time  depending  on  the  number  of  sections 
one  time.  This  absolute  alcohol  should  then  be  replaced  by 
Wliile  in  clove  oil  the  sections  may  be  conveniently  lifted 
1  brush  and  arranged  on  the  slide  without  danger  of  drying 

this  reason  clove  oil  is  used  between  absolute  alcohol  and 
latile  xyk>l.  After  the  sections  are  arranged,  they  should  be 
drops  of  xylol  until  the  clove  oil  has  been  removed.  A  drop 
ad  a  warm  cover  complete  the  mount.  It  is  advisable  to  set 
ay  for  a  day  in  the  parafBn  bath  with  a  heavy  lead  weight  on 
^  flatten  out  the  sections. 

I  RBSULTs. — ^The  color  results  in  the  finished  slide  vary 
)ending  on  the  amount  of  safranin  which  was  removed  when 
^tain  was  acting.  A  good  diagnostic  sUde  for  Cronartium 
lid  have  red  host  nucleoli  and  reddish  nuclei,  red  wood  cells, 
and  cork  cells.  Occasionally  resin  cells  stain  a  deep  red. 
toplasm  and  all  cellulose  walls  should  be  green.  The  hyph^ 
ite  stain  green,  but  they  stand  out  well  when  they  are  colored 
[)ink  or  greenish  red — that  is,  when  the  red  is  not  removed 
le  nuclei  of  the  parasite  should  be  red.  Although  the  stains 
o  not  result  in  the  differential  staining  of  the  host  and  para- 
>  no  diffictdty  in  distinguishing  them. 
STAGES  OF  THE   METHOD. — ^The   chief  advantages  of   the 

its  simplicity  and  rapidity.  Permanent  record  slides  from 
i  specimen  can  be  completed  easily  in  about  two  and  one- 
rom  the  time  the  specimens  reach  the  laboratory.     Correctly 
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prepared  slides  are  sufficiently  transparent  for  a  thorough  exploration 
with  oil-immersion  lenses.  The  practicability  of  the  method  has  been 
demonstrated  by  constant  use  during  the  past  year  in  the  diagnosis  of 
suspected  cases  of  blister-rust  and  in  the  study  of  the  anatomical  fea- 
tures of  parasite  and  host. 

MYCELIUM  OF  THE  PARASITE 

The  characters  which  distingitish  the  h3rphae  of  CronarUum  ribicola 
from  other  hyphae  occasionally  found  in  white-pine  bark  are  their  com- 
paratively large  size,  fairly  uniform  diameter,  and  possession  of  haus- 
toria.  They  are  larger  than  any  other  parasitic  hyphae  which  the  writer 
has  observed  in  pine  bark.  While  there  is,  of  course,  some  difference  in 
the  width  of  individual  h3^hse  one  rarely  finds  them  deviating  widely 
from  the  average  width  of  3  to  3.5  m*  'I'he  haustoria  are  particulariy 
striking.  They  invade  practically  every  cell  in  the  infected  region  in 
young  bark.  In  older  bark  they  are  most  prominent  in  the  cells  of  the 
medullary  TB,ys;  and  for  this  reason,  as  mentioned  above,  radial  sections 
are  particularly  satisfactory  for  study.  At  the  point  where  the  haus- 
toria pass  through  the  cell  wall,  they  are  constricted.  Once  inside  the 
cell  their  width  increases  until  they  average  a  little  more  than  4  m  hi 
diameter  (PI.  31,  B).  Prominent  bulges,  which  occur  quite  frequently, 
give  them  a  characteristically  irregular  outline.  When  young  and 
short  they  are  straight;  as  they  mature  they  usually  develop  pronounced 
bends,  which  may  be  as  great  as  right  angles.  The  host  nuclei  appear 
to  attract  the  haustoria.  Frequently  their  tips  press  dents  in  the  sides 
of  the  host  nuclei  (fig.  i,  a),  recalling  the  occurrence  of  this  well-known 
phenomenon  in  many  other  rusts;  but,  so  far  as  the  writer  has  been  able 
to  observe,  the  nucleus  does  not  appear  to  suffer  greatly  from  this  close 
association  with  the  parasite.  In  fact,  the  cells  in  which  the  haustoria 
are  present  seem  to  be  quite  as  healthy  as  the  cells  which  have  remained 
free  from  attack.  Usually  the  haustoria  are  unbranched;  but  in  some 
instances,  especially  in  the  cells  of  the  medullary  rays,  they  branch 
(fig.  I,  b).  In  no  case  have  more  than  three  tips  been  observed.  AD 
the  cells  of  the  mycelium,  including  the  haustoria,  are  uninucleate  until 
cell  fusion  occurs  at  the  base  of  the  aedum. 

The  Peronosporales  and  the  Erysiphaceae  are  the  only  other  groups  of 
parasitic  fungi  beside  the  Uredinales  which  possess  prominent  haustoria. 
No  members  of  the  first  two  groups  are  known  to  parasitize  the  bark  of 
Pinus  strohus.  Moreover,  the  second  group  is  composed  of  leaf  parasites 
whose  mycelium  is  almost  entirely  exterior.  Even  if  by  any  chance 
material  containing  mycelium  from  either  of  these  two  groups  should 
be  introduced  into  the  mount  along  with  the  bark  sections,  there  would 
be  no  danger  of  confusion.  The  fact  that  the  members  of  the  first  group 
have  coenocytic  hyphae  and  that  the  members  of  the  second  group  possess 
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haastoria  which  are  decidedly  different  in  appearance  ^  from  those  of  the 
blister-rust,  rules  out  any  possibility  of  confusing  the  mycelium  of  mem- 
bers of  either  of  the  two  groups  with  the  mycelium  which  has  been 
described. 

METHOD  OF  PARASITISM 

The  manner  in  which  the  parasite  attacks  the  host  is  also  important 
as  a  distinguishing  character.  The  hyphae  are  intercellular  in  position. 
As  stated  above,  practically  every  cdl  of  the  bark  may  be  pierced  by 
one  or  more  haustoria.  Parench3ana  cells  of  the  cortex  and  in  the  neigh- 
borhood of  the  resin  ducts,  sieve  cells,  medullary-ray  cells,  and  even 
resin  cells  are  all  subject  to  attack.     Only  the  cork  and  schlerenchyma 


Fb.  I.— Cronorlmm  ribkola:  a,  A  modenitehr  stnicfat  ImuBtoffkun  wfaidi  has  dented  the  tide  of  the  host 
mdeos.  Note  the  nuumer  in  whidi  the  hanstoritim  is  ooostricted  in  psaaang  tluoogh  the  cell  wall,  b,  A 
bfSDdied  hsustofinm  in  a  young  medqltoiy-ray  cell.    The  figures  were  drawn  with  the  aid  of  a  camera 


cells  of  old  bark  and,  of  course,  dead  bark  are  apparently  immune.  The 
hyphx  may  follow  the  medullary  rays  past  the  cambium  and  into  the 
xylem  for  at  least  three  annual  rings,  and  in  these  medullary-ray  cells 
the  haustoria  are  quite  as  prominent  as  in  the  ray  cells  of  the  phloem. 
Haustoria  do  not  enter  the  wood  cells.  The  parench3ana  cells  surround- 
ing the  resin  ducts  in  the  last  two  annual  rings  of  xylem  are  also  heavily 
attacked.  In  tangential  or  radial  sections  one  sees  that  the  h3rphse  are 
frequently  massed  in  strands  (PI.  3 1 ,  A) .  These  strands  are  often  formed 
in  the  region  of  the  thin-walled  sieve  tubes,  but  they  are  also  scattered 
through  the  parenchyma.  Generally  the  medullary-ray  cells  are  forced 
^tt  by  single  layers  of  hjrphae.     Probably  the  swelling  of  the  bark  is 

^  SMmi,  Grant,   ns  haxtstoria  or  ths  VBYeawiJB.    In  BoL  Gas.,  ▼.  99,  no.  3,  p.  tsr^S^*  I>L  ix-xs. 
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due  almost  entirely  to  the  spreading  action  of  the  hyphae  as  they  force 
themselves  between  the  cells.  This  method  of  attadk  differs  from  that 
of  other  parasitic  fungi  observed  on  white-pine  bark.  In  attacks  made 
by  species  of  Phoma  and  Pusicoccum  the  cells  are  killed,  the  h3rphae  run 
through  the  cells,  and  the  bark  tends  to  dry  up,  turn  brown,  and  crack; 
whereas  in  the  case  of  the  blister-rust  attack  the  cells  remain  alive  for  a 
long  time,  the  hyphse  run  between  the  cells,  the  bark  swells,  turns  a  yel- 
lowish green  color,  and  does  not  crack  until  the  aeda  are  produced. 

VALUE  OF  MYCELIAL  CHARACTERS,  HAUSTORIA,  AND  METHOD  OF 
PARASITISM  IN  DIAGNOSIS 

It  is  evident  from  the  above  discussion  that  the  mycelium  described 
must  belong  to  the  Uredinales.  Furthermore,  since  there  is  only  one 
rust  known  to  attack  the  bark  of  Pinus  strobus,  the  mycelium  must  be 
the  mycelium  of  Cronartium  ribicola.  This  obvious  conclusion  has  been 
vigorously  proved  by  the  comparison  of  the  mycelium  in  suspected 
cases  with  the  mycelium  in  bark  on  which  pycnia  and  aeda  had  devel- 
oped. The  presence  in  the  bark  of  P.  strobus  of  h3rphde  and  haustoria 
fitting  the  description  which  has  been  given  above  is  sufficient  evidence 
to  warrant  the  conclusion  that  the  pine  is  infected  with  C.  ribicola. 

SUMMARY 

(i)  A  simple  method  for  the  use  of  safranin  and  Uchtgruen  in  staining 
the  mycelitun  of  Crona/rtium  ribicola  and  the  cells  of  the  host,  Pinus 
strobus,  is  given  in  detail. 

(2)  The  two  stains  employed  give  permanent  preparations  which  are 
particularly  favorable  for  the  study  of  the  relation  of  host  to  parasite. 

(3)  The  mycelium  of  C.  ribicola  is  distinguished  from  that  of  other 
fungi  parasitic  on  white-pine  bark  by  the  size  of  the  h3rphde  and  the 
possession  of  haustoria. 

(4)  The  manner  in  which  the  parasite  attacks  the  host  cells  is  described 
in  detail.  This  method  of  attack  is  characteristic  of  the  blister-rust  in 
white-pine  bark. 

(5)  The  presence  in  the  bark  of  P.  strobus  of  mycelium  such  as  has 
been  described  is  sufficient  evidence  to  warrant  the  conclusion  that  the 
pine  is  infected  with  C.  ribicola. 
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PLATE  31 
CfonarHum  ribicola: 

A. — ^A  tangential  section  showing  strands  of  hyphs  among  the  white-pine  host  cells. 
Note  the  hanstoria.  In  the  upper  left-hand  comer  a  haustorium  can  be  seen  denting 
the  host  nucleus.    X  3^5. 

B. — A  haustorium  showing  the  characteristic  bend  and  irregular  outline.  The  sec- 
tion just  missed  the  connection  of  the  haustorium  with  the  hypha  outside  the  cell. 
The  host  nucleus  was  torn  by  the  razor.    X  x  »35o. 

These  figures  illustrate  excellently  the  relation  of  the  parasite  to  the  host  in  the 
phloem  parenchyma.    Photomicrographs  by  the  writer. 
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Kl  Washington,  D.  C,  November  12,  1917  No.  7 


:CT  OF  TEMPERATURE  AERATION  AND  HUMIDITY 
JONATHAN^POT    AND    SCALD     OF    APPLES  IN 
)RAGE^ 

jtLBS  Brooks,  Pathologist,  and  J.  S.  Coolby,  AsHstant  Pathologist,  Fruit  DiS" 
voesiigations,  Bureau  of  Plant  Industry,  United  States  Department  of  Agriculture 

INTRODUCTION 

he  public  becomes  more  critical  in  regard  to  foods,  the  troubles 
affect  the  appearance  of  fruit  but  do  not  completely  destroy  it  are 
it  into  greater  prominence,  both  from  a  pathological  and  an 
oic  point  of  view.  These  troubles  are  of  importance  not  only 
e  of  their  damaging  effects  on  the  appearance  of  the  fruit  but  also 
e  of  the  part  they  may  play  in  paving  the  way  for  the  entrance  of 
s  tx>t-producing  ftmgi.  The  present  paper  is  a  report  on  Jonathan- 
nd  scald  of  apples  {Mains  sylvesiris),  including  a  study  of  their 
n  to  rot  infection  and  the  modifying  effects  of  storage  conditions 
aturity  of  fruit. 

EXPERIMENTAL  APPARATUS 

apparatus  used  in  the  experiments  has  been  fully  described  in  an 

publication  (3).*    The  fruit  was  held  in  galvanized-iron  boxes 

had  a  3-inch  air  space  between  them  and  the  outer  insulating  walls 

chambers.    The  brine  pipes  were  located  outside  of  these  metal 

This  arrangement  made  it  possible  to  keep  the  air  in  the  inner 

free  from  the  drying  effects  of  the  brine  pipes  and  thus  to  maintain 

humidities  than  could  have  been  otherwise  secured.    The  air  in 

ner  boxes  was  circulated  by  means  of  fans.    Where  high  humidity 

»ired,  the  air  was  fanned  over  pans  containing  water  and  saturated 

es;  to  obtain  lower  humidities  it  was  circulated  over  calcium 

1  and  lime.    A  record  of  the  temperature  and  the  humidity  was 

by  means  of  thermographs  and  hygrographs  placed  in  the  middle 

I  boxes  and  by  wet  and  dry  bulb  thermometers  in  front  of  the  fans. 

let  in  Krait  Rots  and  Spots.  II.    'Reference  is  made  by  number  to  "  Literature  cited."  p.  3x6-3x7. 

of  Agricultund  RcMarcfa,  VoL  XI,  No.  7 

Itoo,  D.  C  Nov.  m,  19x7 
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EFFECT  OF  TEMPERATURE  ON  JONATHAN-SPOT 

Roberts  (19)  found  that  apples  stored  in  a  moderately  cool 
veloped  much  more  Jonathan-spot  than  similar  fruit  held  in 
!old  storage. 
d  again  in  191 6  the  writers  carried  out  experiments  to  obtain 

:  factors  influencing  the  development  of  the 

e  experiments  was  shipped  by  express  direct 

>ratory,  so  that  there  was  never  a  delay  of 

icking  before  the  apples  were  placed  under 

s.    The  fruit  was  always  carefully  sorted  so 

le  various  temperatures  or  humidities  that 

e  as  nearly  alike  as  possible  in  size,  color,  and 

plished  by  selecting  a  number  of  apples* 

BCts  and  distributing  them  one  each  in  the 

t  placed 

ons   and 

e  desired 

led.     All 

and  all 

>t  at  the 

ts.     The 
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Fio.  x.—Graphsshowfaifftlieeffectof  temperature 
on  Jonathin-ipot  at  the  end  of  a.  6,  and  8  weeks. 
The  apples  were  stored  in  moist  chambers 
with  moist  filter  paper  added.  The  experiment 
was  started  on  November  6. 19x5. 


'.     In  the  former  cases,  8  apples  were  used 
age  condition  and  in  the  latter,  lo  to  15 

lown  in  figures  i  to  8,  inclusive.  In  all  the 
io\Y  the  average  number  of  spots  per  apple 
[rade  temperature.*  In  some  of  the  experi- 
0  a  warm  laboratory  was  used  for  the  25°  C. 
mperature  was  not  constant  and  averaged 
temperatures  ^ere  carefully  controlled. 
le  different  figures  shows  that  the  amount  of 
[1  a  rise  in  temperature  up  to  20°,  but  that 

'emperature  equivalents. 
F.         'C.  'F.        'C.  'F. 
3a  15-59  as- 77 

41  ao— 68  yf^tb 
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the  disease  made  practically  no  development  at  30^.  The  increase  in 
disease  between  10°  and  1 5®  was  very  striking,  and  it  is  of  special  intei 
to  note  that  in  most  cases  Jonathan-spot  was  held  practically  in  ched 
5^  as  well  as  at  o^.  It  was  thought  possible  that  the  spots  might 
present  in  an  incipient  form  at  the  lower  temperatures  and  that  t1 

^ would  make  a  rapid  development  u] 

I  removal  to  warmer  temperatures, 

I  experiments  made  to  test  this  pc 

X  gave  negative  results  in  all  cases. 

I  The  failure  of  the  disease  to  devc 

jj  at  30**  indicates  that  its  occurrence 

^  not  be  primarily  due  to  the  prese 

^   I  of  Alternaria  sp.,  as  has  been  s 

gested  by  Cook  and  Martin  (6, 
since  it  has  been  shown  by  the  wri 
in  an  earlier  publication  (3)  t 
Alternaria  sp.  makes  a  more  vigoi 
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Iho.  a.— Graphs  showing  the  effect  of  tempera- 
ture on  Jonathan-spot  at  the  end  of  4,  5, 6,  7, 

8, 10,  xa,  and  14  weeks.    The  apples  were  well  xi«     1.        o  a.i«  a.  1 

matured  and  were  stored  in  moist  chambers  grOWth  at  30"  than  at  any  lOWCr  t 

with  moist  filter  paper  added.    The  experi-  peraturC. 
ment  was  started  on  October  6.  1916.  *,*•        .  -  .  - 

The  miportance  of  uniform  t 
perature  in  the  keeping  of  fruit  has  often  been  emphasized.  An 
periment  was  made  to  determine  the  effect  that  fluctuations  in  t 
perature  would  have  upon  the  development  of  Jonathan-spot.  Ap 
that  had  been  placed  in  moist  chambers  were  moved  back  and  f< 
from  5°  to  25®  at  the  end  of  each  second  day,  and  the  results  \ 
compared  with  those  obtained  at  constant  temperatures.  It  was  fo 
that  slightly  less  disease  developed  on 
the  fruit  exposed  to  the  different  tem- 
peratures than  on  that  kept  at  the  aver- 
age temperature  of  15**.  Moving  the 
moist  chamber  to  a  different  tempera- 
ture naturally  favored  an  exchange  of 
air,  and  it  is  possible  that  this  partial 
aeration  of  the  container  may  have 
had  some  tendency  to  decrease  the 
disease.  However  this  may  have 
been,  the  results  indicated  no  harmful 
effects  from  fluctuating  temperatures, 
so  far  as  Jonathan-spot  was  concerned. 

The  various  experiments  make  it  evident  that  temperature  plays 
extremely  important  part  in  the  development  of  Jonathan-spot, 
would  be  impossible  to  state  just  whan  physiological  processes  have  b 
most  concerned  in  the  results,  but  it  is  evident  that  the  effects  are  a 
cumulative  nature.  The  disease  has  not  usually  made  much  progi 
during  the  flrst  month  of  storage,  but  after  that  time  the  number  of  sp 
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Tha,  3.— Graphs  showinc  the  effect  of  tem 
ture  on  Jonathan-spot  at  the  end  of  4. 
xo,  and  la  weeks.  The  apples  were  weU 
tured  and  of  the  same  lot  as  those  of  fi? 
but  were  stored  in  open  oootatners  in  air 
was  genUy  stirred  and  that  hadarelatir 
midity  of  85  to  95  P^  cent.  The  expern 
was  started  on  October  6. 19x6. 
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il  manner  over  a  period  of  one  or  two 


ID  HUMIDITY  ON  JONATHAN-SPOT 

periments  part  of  the  fruit  was  placed  in 

:  baskets  or  other  open  containers.    The 

fitted 


o     ^      /o     /^    £0  30 

Ite.  4.— Oraphs  showinc  the  effect  ol  temper- 
ature on  Jonathan-^pot  at  the  end  of  4.  5. 
6,  7,  8,  xo.  xa,  and  14  weeks.  The  apples 
were  of  the  same  lot  as  those  of  figtire  a  but 
were  greener.  They  were  stored  in  moist 
chambers  with  moist  filter  paper  added. 
The  erperiment  was  started  on  October  6, 
19x6. 

the  head  of  ** Apple-scald"  (p.  300) 
showed  that  the  amount  of  carbon 
dioxid  in  the  free  air  of  the  boxes  was 
little  above  normal,  while  that  in  the 
moist  chambers  was  sufficiently  high  to 
have  a  distinctly  depressive  effect  upon 
respiration. 

The  effects  of  aeration  and  humidity 
upon  Jonathan-spot  are  brought  out 
curve  A  shows  the  amotmt  of  the  disease 
which  wet  filter  paper  had  been  added, 
loped  in  the  open  containers.  The  air 
ally  saturated,  while  in  the  latter  case 
iity  of  55  to  70  per  cent  and  that  at  25® 
experiments  recorded  in  figure  8  were 
rve  C  shows  the  amotmt  of  Jonathan- 
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Plo.  6.— Graphs  ihowiiif  the  effect  of  aem- 
tion  and  humidity  on  Jonathan-spot. 
Graph  A  ahowt  the  amount  of  disease 
developed  at  the  different  temperatures  is 
moist  chambers  and  graph  B  the  amount 
developed  in  open  containers.  The  apples 
were  large.  The  experiment  was  started 
on  October  x6, 19x5,  and  the  above  records 
were  taken  three  weeks  later. 


Spot  developed  at  the  various  temperatures  in  moist  chambers  to  wfa 
wet  filter  paper  had  been  added,  and  curve  D  the  amotmt  developed 
open  containers  in  an  atmosphere  having  a  relative  htunidity  that  ran] 

from  85  to  95  per  cent,  and  usm 
stood  slightly  above  90  per  cent.  '. 
weekly  contrasts  obtain^  under  tli 
two  conditions  of  storage  are  givei 
figures  2  and  3.  At  15^  a  second  1 
was  maintained  in  which  the  relal 
htunidity  ranged  from  65  to  75 
cent,  and  usually  stood  at  70  per  cc 
Under  this  condition  the  fruit  bees 
decidedly  withered  by  the  end  of 
second  month.  The  rate  at  wti 
Jonathan-spot  developed  on  the  ap] 
in  the  open  containers  in  this  dry 
was  practically  the  same  as  that  in 
more  humid  box  at  the  same  temp 
ture  (fig.  3). 

A  study  of  the  results  in  figures  : 
6,  and  8  shows  that  the  amotmt  of  J 
athan-spot  in  the  moist  chambers 
usually  more  than  twice  as  great  as  that  in  the  open  containers, 
that  this  held  not  only  for  all  the  temperatures  but  for  the  var 
periods  of  storage.  The  results  seem 
to  leave  no  question  that  the  stor- 
age in  moist  chambers  favored  the 
development  of  the  disease,  but  the 
nature  of  the  experiment  makes  it 
difficult  to  estimate  the  relative  im- 
portance of  aeration  and  humidity. 
In  the  one  experiment  reported  above 
in  which  the  effect  of  a  humidity  of 
70  per  cent  was  compared  with  that 
of  a  humidity  of  90  per  cent  tmder 
similar  conditions  of  aeration,  the 
data  furnished  no  evidence  that  the 
amount  of  moisture  in  the  air  had  any 
influence  upon  the  development  of 
Jonathan-spot.  In  so  far  as  the  re- 
sults of  a  single  experiment  can  be 
relied  upon,  evidence  is  furnished  that 
the  striking  contrasts  obtained  between  storage  in  moist  chambers  1 
storage  in  the  open  containers  are  due  to  differences  in  aeration  rather  tl 
to  differences  in  humidity.    This  interpretation  of  the  results  wotild 
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Fio.  7.— Graphs  showing  the  effect  o  the 
turity  of  fruit  on  Jonathan-spot.  Grap 
shows  the  amoont  ol  disease  on  the  green 
and  graph  B  the  amoont  on  the  ripe  fruit, 
apples  were  stored  in  moist  chambers  ^ 
moist  filter  paper.  The  experiment 
started  on  October  a6.  1915.  and  the  al 
records  were  taken  five  weeks  later. 
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ony  with  the  temperature  responses  and  the  cumulative 
isease.  The  question  of  aeration  and  humidity  will  be 
issed  in  cotmection  with  the  results  on  apple-scald. 

yr  OF  MATURITY  OF  FRUIT  ON  JONATHAN-SPOT 

were  made  to  determine  the  effect  of  the  maturity  of 
susceptibility  to  Jonathan-spot.  Jonathan  apples  of  a 
ag  and  of  a  particular  lot  were  divided  into  two  classes 
irly  alike  as  possible  as  to  size  of  fruit,  but  one  contained 
I  the  ground  color  was  decidedly  more  yellow  than  the 
ras  usually  also  a  larger  blush  area  on  the  former  than 
The  method  of  sdec- 
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scribed  on  page  299. 

the  two  lots  were 
;  chambers  and  dis- 
[iff erent  temperatures 
led.  The  results  of 
s  are  shown  in  fig- 
In  figure  7  curve  A 
int  of  disease  devd- 
en  fruit  and  curve  B 
I  the  ripe  fruit;  in 
\  the  disease  on  the 

curve  C  the  disease 
it  under  like  condi- 
contrasts  may  be 
mparing  the  weekly 
Jonathan-spot  on  the 
own  in  figure  3  with 
lopment  on  the  green 
in  figure  6.  In  both 
>eriments  and  at  all 
mperatures  the  green  fruit  showed  a  grdsiter  suscepti- 
an-spot  than  the  ripe  fruit. 

;he  spots  that  occurred  on  the  lighter  skin  surfaces  of  the 
ter  brown  than  that  of  the  spots  on  the  blush  surfaces, 
had  less  color  than  the  ripe  and  consequently  a  relatively 
ge  of  the  light-brown  spots.     No  clear-cut  distinction 

between  the  two  kinds  of  spots,  as  the  color  of  the  one 
d  into  that  of  the  other,  and  they  were  exactly  alike  in 
sties. 

iral  opinion  of  persons  who  have  made  orchard  observa- 
an-spot  that  the  disease  is  worst  on  the  ripest  fruit.  The 
mts  show  that  under  certain  storage  conditions  green 
isceptible  to  the  disease  than  ripe  fruit,  but  it  does  not 


o     tf      /o    /s    20  30 

Fig.  8.— Graphs  showing  the  effect  of  matority 
of  fniit  and  of  aeration  and  humidity  on  Jona- 
than-spot. Graph  A  shows  the  amount  of  dis- 
ease developed  at  the  different  temperatures  on 
the  greenest  fruit  of  the  particular  lot,  graph  B 
the  amount  developed  on  the  fruit  that  was 
somewhat  riper,  and  graphs  C  and  D  the 
amount  on  the  ripest  fruit.  The  apples  of 
graph  D  were  stored  in  open  containers  and 
the  others  of  the  experiment  in  moist  cham- 
bers. The  experiment  was  started  on  October 
6,  Z916.  and  the  above  records  were  taken  seven 
weeks  later.    See  figures  2.  3,  4.  and  5. 
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necessarily  follow  that  the  spots  that  develop  tmder  orchard  cond 
wotdd  obey  the  same  law. 

APPLE-SCALD 

'* Scald"  is  a  term  applied  to  a  superficial  browning  that  often  o 
on  apples  in  storage.  Usually  only  the  five  or  six  surface  layers  oi 
that  form  the  color-bearing  tissue  of  the  apple  are  affected,  b 
aggravated  cases  the  trouble  may  extend  entirely  through  the  £ 
skin  layer  of  the  apple  into  the  large  isodiametric  cells  of  the  pulp 
such  cases  the  flesh  becomes  soft,  brown,  and  rotlike,  and  the  troul 
sometimes  spoken  of  as  "  deep-scald."  Deep-scald  has  been  of  more 
mon  occurrence  on  York  Imperial  than  on  Grimes. 

It  will  be  noted  that  in  the  earlier  and  more  typical  cases  of  scal< 
tissue  affected  is  the  same  as  with  Jonathan-spot.  The  skin  col 
the  case  of  scald,  however,  is  a  light  rather  than  a  dark  brown,  the  \ 
affected  are  always  larger,  and  the  demarcation  between  diseased 
healthy  tissue  less  definite  than  in  the  case  of  Jonathan-spot  (P 
and  33). 

SCALD  AS  A  SOURCE  OF  ROT  INFECTION 

The  fact  that  the  protective  skin  layers  of  the  apple  are  broken  < 
in  the  case  of  scald  naturally  suggests  the  importance  of  the  disea 
paving  the  way  for  the  attacks  of  f imgi.    The  writers  had  often  obse 
cases  where  apple  rots  appeared  to  follow  scald,  but  it  seemed  desi 
to  make  an  experimental  determination  of  the  relation  of  scald  tx 
infection.     The  test  was  made  on  Grimes  apples  that  had  been  us< 
the  aeration  and  humidity  experiments  reported  later.    The  scalded 
had  been  picked  at  the  same  time  and  stored  at  the  same  tempers 
as  the  imscalded,  but  had  received  poorer  aeration.    The  apples 
washed  in  heavy  spore  suspensions  of  the  fungus  in  the  manner  aln 
described  in  the  rot  experiments  on  Jonathan-spot.    Ten  scalded  anc 
scald-free  apples  were  used  with  each  fungus.    The  experiment 
started  on  November  7.    Table  II  shows  the  results  obtained  - 
Glomerella  cingtUata  after  two  weeks,  and  with  PeniciUium  expansum 
Sclerotinia  cinerea  after  three  weeks. 

Tablb  II. — Relation  of  apple-scald  to  iirfection  by  apple  rot  fungi 

Number  of  infc 
Pimgus. 


Glomerella  cingulata. .. 
PenicilUum  expansum. 
Sclerotinia  cinerea 
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ts  indicate  that  the  dead-skin  areas  produced  by  apple-scald 
xcellent  opportunity  for  attacks  by  the  common  rot  fungi. 
)  the  observations  of  the  writers,  Altemaria  sp.  is  more  likdy 
ilded  tissue  than  any  other  rot-produdng  fungus.  Unfor- 
itures  of  this  fungus  were  not  available  for  inoculation  at 
he  above  experiment.  It  wUl  be  recalled  that  Jonathan-spot 
ound  to  be  particularly  susceptible  to  the  attacks  of  Alter- 


BFFECT  OF  TEMPERATURE  ON   APPLE-SCALD 

J  experiments  have  been  reported  on  the  effect  of  temperature 
xald.  Powell  and  Fulton  (17)  found  that  prompt  refrigera- 
portant  in  the  prevention  of  apple-scald,  but  Greene  (11)  re- 
L  holding  the  temperature  high 
€rmit  the  fruit  to  continue  ripen- 
the  appearance  of  scald  and  found 
I  apples  scalded  much  less  when 
ot  stored  immediately  after  pick- 
writers  have  reported  that  scald  is 
)ld  storage  than  in  cellar  storage, 
have  found  that  the  reverse  condi- 
itly  held. 

U  of  191 5  and  again  in  the  fall  of 
riters  carried  out  experiments  to 
he  effect  of  temperature  on  scald, 
tus  used  in  the  experiments  has 
L  described  (p.  297) .  Great  care  was 
the  apples  at  the  different  temper- 
Id  be  alike  in  size  and  maturity 
kansas,  Baldwin,  Grimes,  Jonathan, 
n,  and  York  Imperial  apples  were 
results  obtained  on  the  last  three 
t  given  in  figures  9  to  16.  The  experiments  made  on  the 
ies  were  not  so  complete  nor  the  scald  so  bad,  but  the 
in  agreement  with  those  reported.  In  all  of  the  figures  the 
presents  temperature  centigrade  and  the  perpendicular  the 
scald.  In  obtaining  records  on  the  degree  of  scald  the 
cald  that  had  been  observed  to  occur  on  the  variety  was 
:>  and  the  amount  of  scald  in  a  particular  case  was  measured 
ion  to  this  standard.  Both  the  area  and  the  depth  of  the 
considered.  A  record  was  made  by  two  observers;  and 
snces  occurred,  the  average  was  taken.  The  notes  were  made 
rence  to  previous  records.  The  amount  of  scald  on  the  differ- 
t  a  particular  temperature  was  remarkably  uniform.  In  the 
of  scald  at  the  higher  temperature  the  apples  took  on  a  dry, 
trance  that  was  at  first  classed  as  distinct  from  the  usual  form 
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Pio.  9.— Graphs  showing  the  effect 
of  temperature  on  apple-scald  at 
the  end  of  9,  la,  and  15  weeks. 
The  dotted  graph  shows  the 
amount  of  scald  3  days  after  re- 
moval from  storage  at  the  end  of 
the  15  weeks.  The  apples  were 
jonathfui  and  the  same  as  re- 
ferred to  in  figures  3,  4,  and  5  of 
the  Jonathan-spot  experiments. 
The  results  were  similar  for  the 
different  lots,  and  the  average 
given  is  in  the  above  grai^. 
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Fio.  zo.— Oraphs  ihowing  the 
effect  of  temperature  on 
apple-scald  at  the  end  of  6, 
7,  9,  zo,  13,  and  15  weeks. 
The  dotted  graphs  show 
the  amount  of  disease  3 
days  after  removal  from 
storage  at  the  end  of  the 
given  week.  The  apples 
were  York  Imperial  from 
Quincy,  Pa.  They  were 
picked  about  October  8  and 
the  experiment  was  started 
on  October  zi,  Z916. 


of  scald ;  but  this  soon  passed  over  into  the  solid  brown  coloration  ty 
of  scald  at  lower  temperatures,  and  therefore  seemed  to  require  no  % 
rate  classification.  From  ii  to  i6  apples 
used  at  each  temperature  in  most  of  the  ex 
ments,  but  in  the  case  of  the  results  shown  L 
ures  9  and  14,  only  5  apples  were  used.  E> 
where  otherwise  stated,  the  apples  were  in  i 
chambers. 

The  Jonathan  showed  less  susceptibilit 
scald  than  the  Grimes  and  York  Imperial  ap 
but  so  far  as  temperature 'response  is  concei 
the  results  are  so  similar  with  the  diflFerenI 
rieties  and  in  the  different  experiments  that  \ 
rate  discussion  is  unnecessary. 

In  all  of  the  experiments  apples  were  plac( 
30°  C,  as  well  as  at  the  temperatures  indii 
in  the  various  figures.  In  most  cases  it  was  f 
necessary  to  discard  the  apples  at  this  tern] 
ture  on  account  of  internal  breakdown  b 
there  had  been  time  for  the  development  of  s 
The  only  exception  to  this  is  shown  in  figu: 
and  was  obtained  with  apples  that  were  quite  immature.  The  resuli 
dicate  that  a  temperature  of  30®  is  unfavorable  to  the  development  of  s 

Scald  always  started  sooner  at  20®  than  at       ^^ 

15°,  but  in  most  cases  the  contrasts  in  the 
amount  of  disease  at  the  two  temperatures  soon 
disappeared,  and  with  Grimes  apples  of  figure 
15  the  fruit  finally  showed  a  greater  degree  of 
injury  at  15®  than  at  20®.  The  contrasts  be- 
tween the  results  at  10®  and  15°  were  very  strik- 
ing with  York  Imperial  and  Grimes,  especially 
during  the  second  month  of  storage.  Dur- 
ing the  third  month  scald  developed  rapidly 
at  10®,  soon  producing  decided  contrasts  between 
the  results  at  this  temperature  and  those  at 
5®.  During  the  fourth  month  scald  began  to 
appear  at  5^,  and  in  the  following  month  traces 
of  the  disease  were  evident  at  0°  on  the  more 
susceptible  apples. 

With  the  Jonathan  apples  the  disease  developed 
more  slowly,  usually  making  its  appearance  on 
this  variety  about  a  month  later  than  on  the 
Grimes  and  York  Imperial. 

The  amount  of  scald  developed  at  the  lower  temperatures  did 
become  fully  evident  until  the  fruit  had  been  removed  from  sto 


Fig.  zx.— Graphs  showi 
effect  d  tcmperati 
apple-scakl  at  the  ci 
4.  5.  6,  7.  8.  9.  xo,  Z4. 
weeks.  The  dotted 
show  the  amount  of 
3  days  after  removi 
storage  at  the  end 
given  week.  The 
were  Grimes  from  1 
town,  Va.  They 
picked  on  Septemba 
the  experiment  was  i 
on  September  9, 19x6. 
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true  of  apples  at  o®.  The  dotted  lines  in  figures 
IV  the  results  at  the  end  of  the  given  week,  but  after 
'  three  days  at  laboratory  temperature.  Half  of  the 
nilar  condition  was 
A  comparison  of 
obtained  brfore  re- 
le  solid  lines  having 
akes  it  evident  that 
at  5®  may  appear 
after  a  few  days  of 
L  air,  and  that  apples 
badly  scalded  with- 
:  remaining  at  that 
le  cases  the  Grimes 
it  scald  at  0°  by  the 
the  York  Imperial 
^cald  upon  removal 
lat  time,  and  the 
at  either  0°  or  5® 


s       to      /^      20 

Fio.  Z9.— Gn^jhs  ihowiiiff  the  effects  ol 
temperature  on  apple-scald  at  the  end  of 
6.  7.  8.  9.  xz*  Z4, 15,  z8,  ax,  and  aj  weeks. 
The  dotted  graphs  show  the  aznount  3 
days  after  removal  h-cm  storage  at  the 
end  of  the  given  week.  The  apples  were 
Grimes  from  Vienna,  Va.  They  were 
picked  on  August  zo  and  the  experiment 
was  started  on  August  zz,  Z9z6. 


\  end  of   15  weeks, 
>w  temperatures  showed  a  greater  amotmt  of  scald 
ture  of  the  temperature  contrasts  was  not  changed, 
ti  the  amount  of  disease  at  o°  and  5°  usually  being 
nearly  as  great  after  removal   as  before.    The 
whole  series  of  experiments  has  been  consistent  in 
showing  that  an  increase  in  temperature  is  accom- 
panied by  an  increase  in  rate  of  scald  up  to  an 
optimum  of  15®  or  20°.     The  critical  period  for 
scald  development  appeared  about  a  month  ear- 
lier with  each  5-degree  rise  in  temperature. 

Experiments  were  made  to  determine  whether 
the  increase  in  disease  upon  removal  from  stor- 
age was  due  to  the  sudden  change  in  tempera- 
ture.    York  Imperial  apples  that  had  been  held 
in  commercial  cold  storage  till  the  first  of  April 
were  removed  and  divided  into  various  lots  that 
were  distributed  at  temperatures  of  0°,  5°,  10®, 
15®,  and  20°.    Some  of  the  apples  were  allowed 
to  remain  at  each  of  these  temperatures,  while 
others  were  gradually  moved  to  higher  tempera- 
tures.    At  the  end  of    10  days  practically  no 
scald  was  evident  at  0°  and  5°,  and  only  about 
as  at  15®  and  20°.     At  this  time  all  of  the  apples 
)eratures  were  removed  to  20°.     After  two  days  at 
of  the  fruit  was  scalded  practically  alike,  regard- 
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less  of  the  gradation  of  temperature  it  had  passed  through  in  ren 

It  was  evident  that  the  method  of  removal  had  little  or  no  effect  upc 

production  of  the  disease,  and  further  proof  was  obtained  of  the  a 

of  the  lower  temperatures  to  inhibit  the  < 

opment  of  the  scald  phenomena  after  the  dis 

c  condition  had  actually  been  produced. 

I  Experiments  were  also  made  to  determin 

^  effect  of  fluctuating  temperatures  upon  the  < 

\  opment  of   scald.     Palladine   (16)   found 

\  sudden  changes  in  temperature  caused  a 

crease  in  the  amount  of  carbon  dioxid  give 

>    by  seedlings,  but  Blanc  (i),  on  the  other  ] 

TenmmvRe  commit         J  J  ^  ,  «.  «     « 

F».  X4.-Gr.ph.  rfiowJiig  the  ^as  reported  that  when  seedhngs  and  plant 
effect  of  tempenitureooappie-  were  movcd  from  ouc  temperature  to  an 
.cidd.ttheendof  a.3.4^,6.   ^j^^  ^^^  ^j  rcspiratiou  was  a  mean  betwee 

7,  8,  9,  zo,  Z5,  uia  Z7  wcelcs.  *^ 

The  dotted  graphs  show  the  normal  ratcs  at  the  two  temperatures. 

Zr.Li^'lt'^.T':!  Grimes  apples  of  the  same  lot  as  report 

the  liven  week.  The  applet  figure   II  Were  placed  in  moist  chamben 

:;^^tt^t^r:  moved  from  one  temperature  to  another 

.nd  13,  but  were  picked  on    tcrvals    of    tWO  dayS.       In 
September  az  .nd  the  exper-  «  ^ 

imentwMstmedonSeptem-    OHC  CaSC    the  applCS  WCrC 

^*^"-  moved    back    and    forth 

from  5°  to  20®.  The  amount  of  scald  devel- 
oped at  the  different  times  of  recording  was 
found  to  be  slightly  less  than  on  similar  apples  at 
a  constant  temperature  of  15°,  and  the  moved 
apples  "stood  up*'  approximately  the  same  length 
of  time  as  those  at  15°,  both  being  discarded  on 
November  6.  ^.^  ,5.-Gr.ph.  rixo^ 

In  a  similar  experiment  ynth  apples  of  the  same  effect  of  temperatun 
lot  the  moist  chambers  were  moved  back  and  forth  f^^^atar«  Jf  th« 
from  o®  to  30°.  The  higher  temperature  was  4.  s.  6, 7.  9.  xo.  n, 
secured  in  a  warm  laboratory  and  not  in  a  closed  ^^'thJSLw^ 
incubator.  The  apples  developed  no  scald  and  3  day.  itfter  remov 
"stood  up"  till  November  2a-as  long  as  similar  ^^^l^^^t 
apples  at  a  constant  temperature  of  10°.  Two  were  Grimes  of  the  s 
reasons  can  be  offered  for  the  absence  of  scald,      II!^^!!**'^!!!!!!!!:' 

'     .    been    in    oonunercu 

one  that  better  aeration  was  secured  by  leaving      8tor.ge  from  septemi 
the  moist  chambers  in  the  open  laboratory  a  part      ^^<=*o*^  *^- 
of  the  time  and  the  other  that,  as  has  already  been  pointed  out,  st 
at  a  temperature  of  30®  is  unfavorable  to  the  development  of  scald, 
fact  that  the  apples  "stood  up"  well  in  storage  would  emphasize  th< 
hjrpothesis. 
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F  the  two  experiments  and  of  other  similar  experiments 
pies  at  a  fluctuating  temperature  develop  but  little,  if  any, 
I  similar  apples  at  an  average  but  constant  temperature. 

'  OP  AERATION   AND  HUMIDITY  ON   APPLE-SCALD 

an  a  great  diversity  of  opinion  as  to  the  importance  of 
le  development  of  scald.  Powell  and  Fulton  (17)  found 
)pers  did  hot  reduce  the  amount  of  scald  on  apples,  but 
rappers  did.  They  further  found  that  an  atmosphere  of 
ivored  the  development  of  scald,  while  an  atmosphere  of 
ted  it,  at  least  during  short  periods  of  storage.  Greene  (11) 
rapping  fruit  retarded  the  ripening  processes  and  delayed 
of  scald. 

iported  that  extra  wrappings  on  cartons  of  berries  re- 
rease  in  the  oxygen  of  the  pack- 
crease  in  the  carbon  dioxid  and 

to  soften  prematurely  and  take 

He  found  that  these  conditions 
emphasized  by  storage  in  tightly 
bottles. 

id  that  storing  apples  and  peaches 
Q  or  hydrogen  resulted  in  a  bleach- 
of  the  skin  and  in  the  development 
lavors.  Peaches  stored  in  carbon 
d  similar  conditions,  but  a  more 
>r.  The  peaches  in  hydrogen  and 
an  became  soft,  but  those  in  car- 
lot.  He  thought  that  the  firmness 
he  latter  case  was  due  to  the  fact 
ireased  the  hydrolysis  of  pectose. 
)  stored  apples  in  various  gases. 

in  an  atmosphere  of  air  or  of 
les  became  visibly  overripe  within 
;  in  hydrogen  or  in  nitrogen  they  did  not  soften  so  rapidly, 
B  discolored  and  unhealthy  in  appearance,  while  in  carbon 
tained  their  color,  flavor,  and  firmness  for  more  than 
[e  also  found  that  berries  softened  much  sooner  in  the 
bon  dioxid.  He  concluded  that  the  enzyms  that  par- 
changes  of  the  carbohydrates  during  the  ripening,  proc- 
ses  and  inhibited  by  carbon  dioxid,  an  end  product  of 
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Fio.  x6.~Oraphs  thowing  tlie 
effect  of  aeration  and  humid- 
ity 00  ai>ple-8cald.  The 
solid  graphs  show  the 
amount  of  scald  developed 
in  moist  diambers  at  the 
end  of  5  and  zx  weeks  and 
the  dotted  graph  the  amount 
in  an  open  container.  The 
apples  were  Grimes  from 
cold  storage.  The  experi- 
ment was  started  on  Novem- 
ber 6. 19x5. 


2)  have  reported  experiments  indicating  the  importance 
humidity  in  the  prevention  of  apple-scald, 
ental  studies  mentioned  in  the  last  reference  (2)  were 
much  more  extensive  series  of  experiments  carried  out 
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in  connection  with  the  temperature  work  already  reported.  I 
temperature  experiments,  as  has  already  been  mentioned,  the  apple 
placed  in  moist  chambers  of  the  usual  laboratory  style.  The  t< 
the  containers  fitted  loosely,  nearly  always  leaving  cracks  of  0.5  n 
more,  yet  preventing  a  free  circulation  of  air.  The  moist  chamber 
usually  opened  once  a  week  in  note  taking.  With  all  of  the  differe 
periments  and  at  all  of  the  different  temperatures  similar  apple 
placed  in  the  storage  boxes  by  the  side  of  the  moist  chambers,  bu 
in  baskets  or  other  open  containers  that  allowed  a  free  circulation  ( 
The  air  in  the  boxes  was  gently  circulated  by  fans,  but  its  rate  of  1 
ment  was  always  less  than  }4  tnile  per  hour. 

Gas  analysis  tests  were  made  to  determine  the  amotmt  of  carbon  < 
to  which  the  fruit  was  exposed  under  the  various  conditions.  The 
ratus  used  in  the  determinations  was  that  of  Bonnier  and  Mangin 
modifications  by  Dr.  William  Crocker  and  George  T.  Harrington) ,  ai 
methods,  those  Outlined  by  Thoday  (22).  The  tests  showed  that  tt 
air  in  the  20°  box  had  0.42  per  cent  of  carbon  dioxid,  that  in  the  i  < 
0.30  per  cent,  that  in  the  5®  box  0.24  per  cent,  and  that  in  the  c 
0.02  per  cent.  The  larger  amotmts  of  carbon  dioxid  in  the  wanner  < 
bers  is  readily  accounted  for  by  the  more  rapid  respiration  of  fr 
higher  temperatures  and  by  the  better  aeration  that  would  natura 
secured  in  the  colder  boxes  as  a  result  of  greater  contrasts  betwec 
outside  and  inside  temperatures.  It  was  found  impossible  to  ob< 
satisfactory  sample  of  air  from  the  moist  chambers,  as  the  removal 
cover  from  such  shallow  vessels  allowed  too  free  an  exchange  of  aii 
the  15^  temperature  it  was  possible  to  obtain  samples  from  jars  tha 
been  handled  as  moist  chambers,  having  small  openings  left  at  the  stc 
and  in  which  the  percentage  of  scald  had  run  parallel  with  that  i 
regular  moist  chambers.  There  was  no  contrast  between  the  amoi 
scald  on  the  fruit  in  the  bottom  of  these  jcus  and  that  on  the  fruit  ne 
top.  The  air  samples  were  taken  from  near  the  bottom  of  the  jar. 
analysis  of  these  samples  showed  that  the  air  contained  4.28  per  a 
carbon  dioxid.  While  complete  data  could  not  be  obtained  at  the  c 
ent  temperatures,  it  seems  evident  that  there  was  several  times  mor 
bon  dioxid  present  in  the  air  of  the  moist  chambers  than  in  the  fr 
of  the  boxes. 

The  air  in  the  moist  chambers  was  kept  in  a  saturated  condition  b 
addition  of  wet  filter  paper,  the  fruit,  upon  removal  to  a  warmer  tem 
ture,  often  being  covered  with  a  film  of  moisture  or  dotted  with  drc 
water.  The  free  air  of  the  boxes  was  kept  at  a  relative  humidity 
to  95  per  cent.  Water  alwa)rs  stood  in  thjs  bottom  of  the  metal  b 
but  the  fruit  did  not  become  perceptibly  moist  even  upon  removi 
note  taking;  nor  did  it  show  any  sign  of  withering  even  after  se 
months  of  storage.  In  the  experiments  reported  in  figure  16 
relative  humidity  was  lower,  ranging  from  55  to  70  per  cent.    It 
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became  slightly   withered  toward  the  dose  of   the 


8 


lined  in  the  moist  chambers  has  already  been  reported 
ndusive.  The  apples  scalded  badly  at  all  temperatures 
storage  was  suffidently  prolonged,  but  the  amount  of  the 
liformly  with  the  temperature.  In  the  open  containers, 
Jts  were  very  diflferent.  The  apples  scalded  upon  re- 
lile  those  at  all  higher  temperatures  remained  free  from 
emoval.  In  the  case  of  the  apples  in  open  containers 
h  those  of  the  moist-chamber  experiment  reported  in 
^as  a  slight  trace  of  scald  in 
[her  temperatures,  but  the  fact 
had  been  in  cold  storage  six 
experiment  started  may  fur- 
ion  for  this.  In  the  experi- 
figures  10, 14,  and  15,  no  scald 
»pen  containers  at  o^,  while  it 
moist  chambers  at  that  tem- 
:ase.  The  fruit  used  in  these 
an  that  used  in  the  others  and 
the  experiments  was  several 
The  contrasts  obtained  on  the 
^  apples  are  brought  out  in 
cases  the  fruit  stood  in  the 
days  before  the  notes  were 
le  seen  that  at  o®  there  was 
Jd  in  the  moist  chambers  than 
tainers,  while  at  5®  the  con- 
le,  all  of  the  apples  in  the 
dng  badly  scalded,  while  those 
t  free  from  scald.  The  con- 
and  20®  were  similar  to  those 
led  earlier  in  the  experiment, 
at  o®  apples  in  open  contain- 
dy  different  with  reference  to  scald  from  similar  apples 
er  temperatures  tested. 

ere  taken  as  to  other  differences  between  the  fruit  in 
rs  and  that  in  the  open.  It  was  found  that  the  Grimes 
)re  rapidly  in  the  latter  case  than  in  the  former.  At 
they  reached  a  particular  degree  of  color  a  week  to  10 
\  baskets  than  in  the  moist  chambers,  but  as  the  lower 
t  alpproached  the  color  contrasts  became  less  dedded 
5).  The  results  seem  to  justify  the  condusion  that  the 
ire  favorable  to  the  devdopment  of  scald  are  unfavor- 
pment  of  color  in  the  fruit. 
-2 


Pig.  z?.— Oraphs  showing  the 
amount  of  scald  on  Grimes 
apples  from  o*  and  5*  C,  3 
days  after  removal  frcm  stor- 
age. The  dotted  graphs  show 
the  results  obtained  in  moist 
chambers,  the  solid  graphs  the 
results  in  open  containers. 
The  graphs  00  the  left  show  the 
amount  of  scald  on  December 
aa,  those  on  the  right  the 
amount  on  January  aj.  The 
numbers  near  the  graphs  refer 
to  the  different  experiments 
made.  z.Bxperiment  started 
on  August  zz,  Z9z6.  (See  fig. 
za.)  a.  Experiment  started  on 
August  39,  Z9z6.  (See  fig.  zj.) 
3.  Experiment  started  on  Sep- 
tember a9,  Z9z6.    (See  fig.  zz.) 
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Pig.  x8.— Graphs  showing  the  devdopment  of  color  on  Grimes 
apples  hi  storage.  The  graphs  on  the  left  were  obtained 
with  the  apples  in  baskets;  those  on  the  right  with  similar 
apples  in  moist  chambers.  The  two  series  of  graphs  show 
the  gradual  development  of  the  color  at  the  different  tem- 
peratm^.  the  figures  near  the  lines  indicating  the  number 
of  weeks  between  the  starting  of  the  exi>eriment  and  the 
time  of  taking  the  notes.  The  apples  were  placed  in  storage 
on  September  9. 1916.  See  figures  zz  and  27  for  the  develop- 
ment of  scald. 


Other  characteristics  associated  with  ripening  were  also  affected  1 

amount  of  ventilation.    When  the  apples  were  fully  ripe,  those  : 

open  were  crisp,  juicy,  and  agreeable  to  the  taste,  while  those  : 

moist  chambers,  alt 
less  highly  colored  (i 
case  of  Grimes)  were  i 
and  mealy,  often  ck 
open  toward  the  do 
the  experiment.  T 
contrasts  were  esp< 
striking  at  the  highei 
peratures  (including 
After  several  mont 
storage  they  became 
distinct  at  5®  and  a 
end  of  the  experiment 
usually  be  detected  at 
The  differences  in  q 
of  the  apples  in  the  ope 
closed  containers  sug| 
the  importance  of  sugs 

acid  determinations,  but  the  apparatus  for  this  work  was  not  avs 

till  near  the  close  of  the   experiment,  which   made  it  impossil 

secure  chemical  data  on  the  fruit  that  was  at  the  higher  tempera 

The  determinations  reported 

in  Table  II  were  made  the 

latter  part  of  January.     In 

sampling     the    fruit    an 

1 8-mm.  cork  borer  was  used, 

the  cylinders  of  tissue  being 

taken  parallel  to  the  core, 

but  not  including  any  part 

of  it.    All  of  the  peel  was 

also    removed  from   the 

samples.     Maceration   was 

accomplished  by  the  use  of 

a    sampling    press   devised 

by    Clark    (5).    The    pulp 

was  reduced  to  extreme  fine- 
ness, which  made  it  easy  to 

extract  the  acid  and  sugar. 

In  the  tests  on  acidity  distilled  water  was  first  added  to  the  we 

pidp  at  the  rate  of  5  c.  c.  to  each  gm.^of  apple  tissue.    The  diluted 

turewas  then  heated  to  100°  and  held  at  that  temperature  for  one 


13     to     o      s 
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Fio.  19.— Graphs  showing  the  development  of  color  on 
apples  in  storage.  The  graphs  on  the  left  were  c 
with  the  apples  in  baskets;  those  on  the  right  witli 
apples  in  moist  chambers.  The  two  series  of  grapl 
the  gradual  development  of  the  color  at  the  differe 
peratures,  the  figures  near  the  lines  indicating  the  nu 
weeks  between  the  starting  of  the  experiment  and  t 
of  taking  notes.  The  apples  were  placed  in  sto 
August  99,  Z9z6.  See  figures  zj  and  17  for  the  devd 
ofscakl. 
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Id  sterilizer.  The  finely  divided  condition  of  the  pidp  may 
heating  unnecessary  for  the  extraction  of  the  acid,  but  it  was 
the  hot  extract  could  be  filtered  much  more  readily  than  the 
filtration  was  accomplished  by  means  of  ordinary  filter  paper, 
as  allowed  to  drain  and  was  then  washed  with  distilled  water 
tal  volume  of  the  filtrate  and  washings  equaled  1*2.5  c.  c.  for 
)f  original  pulp.  The  filtrate  was  titrated  against  N/20 
Iroxid,  using  the  color  changes  of  the  extract  as  an  indicator 
y  Schley  (18)  and  by  Culpepper,  Foster,  and  Caldwell  (8). 
Ltions,  as  well  as  in  all  the  other  steps  of  the  procedure,  the 
ng  samples  from  the  open  and  from  the  closed  containers 
d  through  the  ,^ 
by  side.  The 
le  analyses  are 
ble  III. 

hod  for  sugar 
ion  was  essen- 
me  as  that  em- 
Bryan,  Given, 
jhn  (4),  with 
Lion  that  the 
was  made  with 
»d  of  alcohol. 
js  on  the  effi- 
^sampling  press 

that  macera- 
» thorough  that 

)f  the  pulp  could  be  completely  extracted  with  cold  water  in 
».  The  samples  consisted  of  20  gm.  and,  as  already  men- 
pulp  was  free  from  core,  seeds,  and  peel.  The  proteins  were 
i  with  neutral  lead  acetate  and  the  excess  of  lead  precipi- 
sodium  oxalate.  Inversion  was  accomplished  by  adding  5  c.  c. 
rated  hydrochloric  acid  to  50  c.  c.  of  lead-free  solution  and 

to  stand  overnight.  The  hydrochloric  acid  was  neutralized 
irons  sodium  carbonate.  The  total  sugars  were  determined 
ihn  ^  method,  the  cuprous  oxid  being  determined  by  direct 
The  results  of  the  analyses  are  given  in  Table  III. 
ction  with  the  work  on  acids  and  sugars,  dry-weight  deter- 
of  the  pulp  were  also  made,  but  only  on  the  fruit  that  had 
I  at  5°.     In  these  tests  the  pulp  was  dried  in  an  electric  oven 

at  a  constant  temperature  of   100°.    The  corresponding, 
m  the  open  and  closed  containers  were  always  moved  together, 
ras  taken  to  secure  the  lowest  dry  weight  of  the  pulp.  .  The 

RT.,  ed.    oFFiaAi,  and  provisional  mbthods  or  analysis,  association  or  ofpioai. 

CBSMI8TS.     as  COKFiLSD  BY  THS  COMMITTBB  ON  RBVISION  Of  MBTHODS.      U.  S.  Dtpt, 

u  Bttl.  107  (rev.),  272  p.,  13  fig.    1908.    Reprinted  in  19x2. 
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Pio.  9o.~Oraphs  showing  the  development  of  cotor  on  Grimes 
apples  in  storage.  The  gnphs  onthe  left  were  obtained  with  the 
apples  in  baskets;  those  on  the  right  with  similar  apples  in 
moist  chambers.  The  two  series  of  graphs  show  the  gradual 
development  of  color  at  the  different  temperatures,  the  figures 
near  the  lines  indicating  the  number  of  weeks  between  the 
starting  of  the  experiment  and  the  time  of  taking  notes.  The 
apples  were  placed  in  storage  on  S^tember  ai,  19x6.  See  figure 
14  for  the  development  of  scald. 
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results  showed  only  fractional  differences  between  the  percentag 
water  in  the  fruit  from  the  baskets  and  that  in  the  fruit  from  the  n 
chambers ;  the  contrasts  being  too  slight  in  all  cases  to  have  any  impoi 
significance  in  the  interpretation  of  the  data  on  adds  and  sugars, 
average  amount  of  water  in  the  skin  and  core-free  pulp  of  the  fruit  ) 
the  open  containers  was  87.30  per  cent,  while  that  from  the  fruit  in 
moist  chambers  was  87.67  per  cent.  Greater  contrasts  might  have 
expected,  but  it  should  be  remembered  that  there  was  only  a  s! 
contrast  between  the  relative  humidity  under  the  two  conditior 
storage. 

TabliS  III. — Acid  and  sugar  in  Grimes  apples,  determinations  made  on  January 

[The  acidity  is  siven  in  numbers  ol  cubic  centimeters  ol  N[2o  sodium  hydroxid  required  to  ncu 
tlie  filtrate  from  loo  gm.  of  fresh  pulp;  the  sugar  as  percentage  ol  fresh  pulp  weight.  The  apple 
X,  a,  and  j  were  the  same  as  described  m  the  legends  of  figures  za,  14.  and  zj,  respectively) 


s*c. 

o*C. 

Lot  No. 

Add. 

Add. 

Basket. 

Moist 
chamber. 

B«k-t.     ^^, 

Basket. 

Moist 
chamber. 

Basket. 

cha 

I 

III.  2 

89.4 
106.  0 

78.0 
96.2 

12.32 
II.  76 
ia82 

12.00 

la  24 

9.  06 

100.  2 

89.3 

11.56 

13." 
9.88 

2 

■a 

118.  5 

119.  9 

The  results  of  the  acid  and  sugar  determinations  as  shown  in  1 
III  bring  out  some  interesting  contrasts.  There  was  considei 
variation  in  the  different  lots  of  apples,  but  in  all  cases  the  fruit  i 
the  open  containers  at  5°  contained  more  sugar  and  more  acid  1 
that  from  the  moist  chambers  at  the  same  temperature.  At  o^  sir 
contrasts  were  obtained  on  the  sugar  content  from  all  the  lots  and 
on  the  add  content  of  samples  from  lot  i ,  but  with  lot  3  the  acidity 
slightly  greater  in  the  fruit  from  the  moist  chambers  than  in  that  i 
the  baskets.  Tests  for  acidity  were  also  made  on  Grimes  apples  i 
10°  with  results  closely  parallel  to  those  obtained  at  5®. 

While  the  results  indicate  that  the  difference  in  quality  of  the  i 
that  accompanied  the  contrasts  in  aeration  was  at  least  partly  du 
differences  in  the  sugar  and  acid  content  of  the  apples,  they  do  not  s 
to  explain  the  fact  that  the  contrast  in  sweetness  was  much  greate 
5®  than  at  o®.  Since  cane  sugar  is  several  times  sweeter  to  the  taste  t 
reducing  sugars,  it  is  possible  that  much  of  the  contrast  in  the  taste  of 
apples  from  the  two  conditions  of  storage  was  due  to  differences  in 
relative  proportions  of  these  sugars.  Unfortunately  determinat 
were  made  only  of  total  sugar.  The  conversion  of  starch  into  si 
does  not  need  to  be  considered  in  this  coimection,  as  all  of  the  sU 
had  disappeared  from  the  apples  much  earlier  in  the  experiment. 
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J3rtical  data  will  have  to  be  regarded  as  of  an  incomplete 
nature,  the  results  as  a  whole  are  in  agreement  with  the 
the  taste  and  quality  of  the  fruit  and  when  considered 
ith  these  would  seem  to  indicate  that  the  conditions  of 
or  the  development  of  scald  also  favor  the  breaking  down 
sugars  and  possibly  of  other  complex  organic  compounds 

experiments  were  made  to  test  the  effects  of  aeration 

In  one  case  apples  were  stored  in  a  sealed  jar  at  15° 
wed  three  times  a  week.  The  renewal  was  accomplished 
he  jar  with  an  exhaust  that  under  the  conditions  of  the 
V  out  a  volume  of  air  equal  to  that  in  the  jar  in  approxi- 
lute.  This  air  exchange  was  allowed  to  continue  for 
ts,  the  stale  air  being  withdrawn  from  the  bottom  and  the 
'reed  at  the  top  of  the  jar.  The  incoming  air  was  from 
ge  box  and  therefore  of  the  same  temperature  as  the  air 
he  jar.  It  was  bubbled  through  a  wash  bottle  contain- 
must  have  gone  into  the  jar  in  a  practically  saturated 

walls  of  the  jar  were  always  covered  with  a  film  of 
method  of  renewing  the  air  must  have  left  but  a  f rac- 
Ltage  of  carbon  dioxid  in  the  jar,  but  gas  analysis  made 
i  stood  for  two  days  showed  that  the  carbon  dioxid  had 
to  4.49  per  cent,  an  amount  slightly  greater  than  that 
i  for  jars  used  as  moist  chambers.  The  apples  of  this 
e  of  the  same  lot  as  those  described  in  the  legend  of 
I  scald  and  color  developed  much  more  slowly  in  the  above 
i  on  similar  apples  in  moist  chambers  at  the  same  tempera- 
ir  intensity  of  scald  appearing  about  four  weeks  later  in 
,  and  a  particular  degree  of  color  about  six  weeks  later, 
and  23.)    After  15  weeks  of  storage  as  above  described 

removed  to  the  laboratory  and  allo\xed  to  stand  in  the 

days.  There  was  no  increase  in  scald,  and  the  fruit  was 
1  fairly  good  condition.  Some  of  the  apples  seemed  to 
at  trace  of  the  pungent  alcoholic  taste  described  later  as 
I  apples  that  had  received  poor  aeration. 
)eriment  was  carried  out  similar  to  the  above,  but  the 
the  lot  described  in  the  legend  for  figure  11,  and  the  air 
:  times  a  week  instead  of  three.  By  reference  to  figure  1 1 
lat  similar  apples  in  moist  chambers  at  15®  had  developed 
Id  at  the  end  of  four  weeks  and  were  badly  scalded  at  the 

but  the  apples  receiving  daily  aeration  had  no  scald  at 
eeks  and  at  that  time  had  the  same  degree  of  color  that 
ist  chambers  had  at  the  end  of  6  weeks.  (See  figures  1 1 
e  was  no  increase  in  scald  when  the  apples  were  freely 

air  in  the  laboratory,  and  the  fruit  was  still  firm  and 
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entirely  normal  in  taste  several  weeks  after  it  had  been  found  nece 
to  discard  the  corresponding  fruit  in  moist  chambers. 

The  results  of  the  above  experiments  are  extremely  interesting 
the  data  are  probably  insufficient  for  a  final  interpretation.  The  de 
development  of  color  on  the  fruit  in  the  jars  as  compared  with  th 
the  moist  chambers  should  probably  be  attributed  to  a  difference  in 
tion  rather  than  to  a  difference  in  humidity,  but  this  hypothesis 
for  an  explanation  of  the  fact  that  the  suppression  of  color  wa 
accompanied  by  an  increase  in  scald.  If  we  should  assume  that 
is  due  to  the  accumulation  of  products  of  incomplete  oxidation  h 
apple,  the  above  condition  might  be  explained  on  the  ground  tha 
frequent  aerations  gave  opportunity  for  the  breaking  down  of 
organic  substances  without  furnishing  the  free  and  continuous  si 
of  oxygen  that  was  necessary  for  the  development  of  the  skin  pigi 

Other  experiments  were  made  on  the  effects  of  aeration  and  hum 
In  one  case  the  air  of  the  storage  jar  was  renewed  six  times  a  weel 
manner  similar  to  that  described  above,  but  the  oxygen  of  the  inj 
air  was  increased  to  2  per  cent  above  the  normal  amount  and  tt 
stream  was  continued  only  long  enough  to  carry  in  a  volume  of  aii 
times  as  great  as  the  air  space  in  the  jar.  In  another  experimen 
ingoing  air  had  4  per  cent  of  oxygen  added,  but  renewal  was  made 
three  times  a  week.  In  a  third  case  the  carbon  dioxid  of  the  ail 
increased  to  2  per  cent,  and  renewal  was  made  six  times  a  week 
another  experiment  small  openings  were  left  at  the  top  of  the  jars 
with  one  jar  a  large  quantity  of  calcium  chlorid  was  placed  in  the  bot 
with  another  a  large  amount  of  soda-lime,  while  with  a  third  neith 
these  absorbents  was  added.  All  of  these  experiments  were  made 
constant  temperature  of  15°,  and  the  apples  were  of  the  lots  desc 
in  the  legends  of  figures  10  and  15.  Under  all  of  the  different  condi 
described  scald  developed  at  practically  the  same  rate,  but  in  no 
quite  as  rapidly  as  on  similar  fruit  in  moist  chambers.  (See  figur 
and  15.)  As  has  already  been  mentioned,  apples  of  these  same  lot 
not  scald  when  freely  exposed  in  air  having  about  0.3  per  cent  C2 
dioxid  and  a  relative  humidity  of  85  to  95  per  cent. 

In  an  experiment  at  15°  with  apples  of  the  lot  described  in  the  le 
to  figure  1 1  the  air  was  renewed  three  times  a  week,  but  the  ingoir 
had  5  per  cent  of  carbon  dioxid.  The  fruit  remained  green  and  dii 
show  any  sign  of  scald  as  long  as  it  remained  in  the  jar.  Apples  rem 
to  the  laboratory  at  the  end  of  five  weeks  soon  became  slightly  sea 
while  those  removed  at  the  end  of  seven  weeks  were  soon  badly  sea 
The  fruit  was  found  to  have  a  pungent  alcoholic  flavor  which  it 
retained  after  several  weeks'  exposure  in  the  laboratory.  It  remj 
green,  firm,  and  crisp  imder  conditions  that  would  soon  have  a 
fresh  apples  to  become  yellow,  withered,  and  overripe. 
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K>  stored  in  sealed  jars  at  o^  and  15^.  As  long  as  the 
Lopened  little  or  no  scald  developed  and  the  fruit  re- 
/hen  the  apples  were  removed  to  the  laboratory  after 
torage,  their  condition  was  found  to  be  similar  to  that 
n  the  experiment  with  5  per  cent  carbon  dioxid,  but 
er  longer  periods  of  storage  they  had  a  strong  odor  of 
ir,  were  nauseating  to  the  taste,  and  soon  became  brown 
n  the  appearance  of  frozen  apples.  Gas  analyses  made 
cs'  storage  at  15°  showed  that  the  air  of  the  jars  had 
cent  of  carbon  dioxid. 

cate  that  storage  for  a  short  time  in  an  atmosphere  in 
dioxid  has  been  greatly  increased  and  the  oxygen  cor- 
eased  causes  apples  to  become  slightly  alcoholic  and  to 

an  inactive  condition  from  which  they  do  not  entirely 
longer  storage  under  these  conditions  causes  the  intra- 
ion  to  be  carried  to  an  extent  that  results  in  the  death 
ills.  The  fact  that  alcohol  can  be  readily  detected  in 
m  stored  at  15°  in  air  having  more  than  5  per  cent  of 
1  that  scald  develops  on  fruit  stored  in  an  atmosphere 
ss  carbon  dioxid  might  be  taken  as  further  evidence 
o  the  accumulation  of  products  of  incomplete  oxidation 
ars  of  the  apple. 

^  on  the  effects  of  aeration  and  humidity  were  obtained 
i  Arkansas  and  York  Imperial  apples  placed  in  com- 
ige.  In  two  of  the  barrels  the  apples  were  packed  in 
a  the  others  they  were  packed  in  the  usual  manner, 
removed  from  cold  storage  on  February  24,  and  after 
laboratory  it  was  found  that  t6e  former  lot  had  about 
Id,  while  the  latter  had  65  per  cent, 
nes  of  a  somewhat  local  nature,  and  it  can  be  produced 
L  apple  without  the  other  parts  showing  any  abnormal 
:periment  on  aeration  and  humidity  a  small  amount  of 
in  each  of  several  tumblers  and  then  an  apple  dropped 
ch.  The  lines  of  contact  between  the  apples  and  tum- 
with  a  wax  compoimd  of  beeswax,  vaseline,  and  tallow. 

of  the  apples  were  thus  under  moist-chamber  condi- 
upper  halves  were  well  aerated.  The  inclosed  halves 
'icsid,  while  the  exposed  parts  remained  free  from  it 
lias  been  repeatedly  observed  that  apples  which  were 
>f  water  became  scalded  at  the  point  of  contact,  while  the 
emained  normal.  It  has  also  been  noticed  that  in  the 
Id  the  brown  discoloration  sometimes  appears  in  small 
)eing  evenly  distributed  over  the  skin.  This  was  espe- 
the  conditions  had  been  such  as  to  condense  the  mois- 
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Neen  a  particular  degree  of  maturity  and  the  develop- 

ibtain  further  information  on  the  relation  of  maturity 
)tibility  to  scald,  careful  notes  were  taken  in  the  various 
iady  reported  on  the  development  of  the  skin  color  in 
degree  of  color  was  determined  in  a  manner  similar  to 
en  for  the  estimation  of  the  amount  of  scald,  the  intens- 
being  compared  with  the  maximum  color  that  the  fruit 
cquire.  Records  were  always  made  by  two  observers 
taken  without  reference  to  earlier  records. 
7en  in  figures  18,  19,  and  20,  were  from  the  same  lots  of 
ely,  as  the  scald  notes  of  figures  11,  13,  and  14.  Tem- 
:ated  on  the  base  line  and  percentage  of  color  on  the 
The  conditions  of  the  experiments  have  already  been 
pples  in  the  open  containers  were  exposed  in  an  atmos- 
less  than  0.05  per  cent  of  carbon  dioxid  and  that  had 
iity  of  85  to  95  per  cent,  while  those  in  the  moist  cham- 
cted  to  an  atmosphere  that  was  practically  saturated 
[nes  had  as  much  as  4  per  cent  of  carbon  dioxid. 
g  to  note  that  the  color  changes  were  made  more  rapidly 
eriods  of  storage  than  in  others  and  that  there  was  often 
ween  the  time  of  greatest  color  change  and  that  of  great- 
pment.  If  figures  11  and  18  are  compared,  it  will  be 
and  20®  there  was  a  decided  increase  in  color  in  the  open 
e  fourth  week  and  in  the  moist  chambers  in  the  fifth 
t  these  temperatures  scald  made  its  most  rapid  develop- 
h  week.  At  10®  the  most  rapid  color  changes  came  in 
:k  while  the  most  rapid  scald  development  came  in  the 
comparison  of  figures  13  and  19  brings  out  similar  con- 
'  and  20®  there  was  a  big  increase  in  color  in  the  moist 
J  the  sixth  week  and  a  big  increase  in  scald  during  the 
At  10®  there  was  a  big  increase  in  color  in  the  eighth 
;  increase  in  scald  in  the  ninth  week.  In  general  the 
rapid  scald  development  has  come  about  one  week  later 
temperatures  than  the  time  of  most  rapid  color  change, 
gives  further  evidence  of  the  close  relationship  between 
anges  in  the  apple  and  the  development  of  scald. 
.  of  the  results  obtained  in  moist  chambers  with  those 
itainers  (as  given  in  fig.  18,  19,  and  20)  shows  that  in 
rf  the  experiment  a  particular  degree  of  color  was  attained 
iks  earlier  in  the  latter  case  than  in  the  former.  The 
that  the  conditions  that  have  already  been  reported  as 
lave  also  tended  to  check  the  development  of  the  skin 
le. 
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In  the  interpretation  of  the  above  contrasts  in  color  developm< 
becomes  of  interest  to  know  whether  the  depressing  effect  of  the  : 
chambers  was  due  to  the  high  humidity  or  the  poor  aeration, 
further  experiments  carried  out  at  15*^  throw  light  upon  this  sul 

As  has  already  been  stated,  two  boxes 
maintained  at  this  temperature,  one  in  1 
the  relative  humidity  ranged  from  65 
per  cent  but  usually  stood  at  70  per 
and  another  in  which  the  relative  hi 
ity  ranged  from  85  to  95  per  cent  and  us 
stood  slightly  above  90  per  cent.  ' 
was  less  fruit  in  the  former  box  an< 
accumulation  of  carbon  dioxid  may  t 
fore  have  been  slightly  less  in  this 
than  in  the  more  humid  box.  In  figun 
22,  and  23  the  color  development  in  the 
containers  under  these  conditions  is 
pared  with  that  in  moist  chambers  a 
same  temperature.  In  figures  22  at 
other  curves  are  given  showing  the 
development  on  apples  in  jars  when 
air  was 
kept 
sa  tu- 
rated, 
times  a 


Pw.  9z.— Ofrnphtahowiiif  theinHucnce 
of  aeration  and  hunudity  upon  the 
color  development  of  Grimes  apples 
in  storase  at  zs*  C  The  perpen- 
dicular indicates  the  percentage  of 
color,  the  base  line  the  number  of 
weeks  of  storase,  and  the  curves  give 
the  oamparative  color  development 
obtained  with  70. 90,  and  zoo  percent 
relative  humidity,  respectively. 
With  the  graph  marked  "Mzoo"  the 

-  apples  were  held  in  zzioist  chambers, 
while  with  the  others  they  were  kept 
in  open  containers.  The  apples  were 
of  the  same  lot  as  desciibed  in  the 
legend  of  figure  13. 


but  was    renewed  several 
week. 

There  was  practically  no  contrast 
in  color  development  between  well- 
aerated  apples  exposed  to  a  relative 
humidity  of  70  per  cent  and  similar 
apples  exposed  to  a  relative  humidity 
of  90  per  cent.  It  has  already  been 
pointed  out  that  apples  did  not  scald 
under  either  of  these  conditions. 
The  color  development  in  the  moist 
chambers  was  much  slower  than  in 
either  of  the  above  cases.  The  rel- 
ative humidity  was  10  per  cent 
higher  in  this  case  than  in  either  of 
the  former,  and,  as  pointed  out 
earlier  in  the  paper,  the  aeration  was  very  poor.  Since  increj 
the  relative  humidity  from  70  to  90  per  cent  has  caused  no  cheddi 
color  development,  it  does  not  seem  probable  that  increasing  it  1 
90  to  100  per  cent  would  do  so.     In  so  far  as  this  reasoning  cai 
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Fig.  33  .—Graphs  showing  the  influence  of  a 
and  humidity  upon  the  color  devdopo 
Grimes  apples  in  storage  at  zs*  C  The  i 
dicular  indicates  the  percentage  of  color,  t 
line  the  number  of  weeks  of  storage,  a 
curves  give  the  comparative  color  devdc 
with  70.  90.  and  zoo  per  cent  relative  hui 
respectively.  With  the  graph  marked  " 
the  apples  were  held  in  moist  chambers,  ^ 
one  marked  "Azoo  "  they  were  in  closed  ia 
had  the  air  renewed  six  times  aweek,  azu 
other  two  cases  they  were  kept  in  open  a 
ers.  The  apples  were  of  the  same  lot  as  d« 
in  the  legend  of  figure  zz. 
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n,  evidence  is  furnished  that  the  checking  of  color  develop- 
le  moist  chambers  was  due  to  poor  aeration  and  not  to  high 
The  contrast  between  the  color  development  in  the  moist 
and  that  in  the  sealed  jars  where  the  air  was  renewed  but  a 
a  week  was  very  striking.  The  air  was  apparently  saturated 
ses,  leaving  no  chance  to  attribute  the  contrast  to  a  difference 
y;  but  the  carbon  dioxid,  although  more  intermittent,  reached 
centages  in  the  latter  case  than  in  the  former.  The  delayed 
lopment  in  the  latter  case  must  therefore  be  attributed  to 
ion  rather  than  to  any  difference  in  humidity.^ 


EFFECT  OP  DELAYED  STORAGE  ON   APPLE-SCALD 

ind  Fulton  (17)  and  Markell  (14)  have  reported  that  a  delay 

is  favorable  to  the  development  of  apple-scald.    Green  (n) 

)und   that    Grimes   and  Sheriff 

t  were  stored  immediately  after 

veloped  more  scald   than  those 

held  at  a  warmer  temperature  a 

before  placing  in  storage.     He 

the  difference  to  the  fact  that 
iiat  was  left  out  of  storage  for  a 
pportunity  to  become  more  ma- 
lerefore  less  susceptible  to  scald, 
ters  have  obtained  results  simi- 
)se  of  Green.  Ten  barrels  of 
pies  were  picked  at  Middletown, 
eptember  7.     Five  barrels  were 

express  and  were  placed  in  cold 
I  September  9,  while  the  other 

shipped  by  freight  and  were 
September  14.  All  of  the  apples 
)ved  on  December  19.  After 
►r  three  days  at  laboratory  tem- 
t  was  found  .that  the  scald  on 
;  that  were  delayed  in  reach- 
t  averaged  20  per  cent,  while 
e  apples  stored  five  days  earlier 
X  cent.  The  former  lot  of  apples  was  found  to  have  be- 
iedly  riper  than  the  latter,  and  it  seems  probable  that  the 

I  the  above,  the  attentioii  of  the  writers  has  been  called  to  the  recent  work  of  Shamel  (ao) 
arts  that  Bortlett  pears  were  held  for  30  days  at  an  average  temperature  of  90*  P.  (jaVv*  C.) 
t  havhig  a  relative  humidity  of  approximately  90  per  cent  without  any  apparent  change  in 
which  he  expresses  the  belief  that  the  ripening  of  the  pears  was  prevented  by  the  excessive 
i  storage  room.  The  room  was  partly  filled  with  lemons  undergoing  the  curing  process 
ited  for  half  an  hour  daily  for  a  ntunber  of  days  about  the  end  of  the  second  week.  The 
discuss  the  significance  of  the  ventilation;  nor  does  he  give  any  data  as  to  the  accumulation 
1  during  the  periods  when  the  room  was  not  ventilated. 
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Fio.  93  .—Graphs  showing  the  influence  of 
aeration  and  humidity  upon  the  color 
development  of  Grimes  apples  in  stoi^ 
age  at  15**  C.  The  perpendicular  indi- 
cates the  i>ercentage  of  color,  the  base 
line  the  number  of  weeks  of  storage, 
and  the  curves  give  the  comparative 
color  development  with  70,  90,  and  zoo 
per  cent  relative  htnnidity,  respect- 
ively. With  the  graph  marked  "Mioo" 
the  apples  were  held  in  moist  cham- 
bers, with  the  one  marked  "Aioo"  they 
were  in  closed  jars  that  had  the  air  re- 
newed six  times  a  week  and  in  the 
other  two  cases  they  were  kept  in  open 
containers.  The  apples  were  of  the 
same  lot  as  described  in  the  legend  of 
figure  12. 
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accumulation  of  carbon  dioxid,  but  this  does  not  seem  probable.  The 
tops  of  the  moist  chambers  fitted  loosely,  and  any  increased  accumula- 
tion in  carbon  dioxid  would  undoubtedly  have  been  largely  balanced  by 
an  increased  air  exchange.  It  is  also  probable  that  a  higher  percentage 
of  carbon  dioxid  would  be  required  to  give  a  particular  degree  of  inhi- 
bition at  a  high  temperature  than  at  a  low  one.  Kidd  (13)  found  that 
a  rise  of  10  degrees  in  temperature  necessitated,  roughly,  the  presence  of 
three  times  as  high  a  partial  pressure  of  carbon  dioxid  to  cause  an  inhi- 
bition of  germination  in  the  seeds  of  Brassica  alba.  It  seems  probable 
that  the  more  rapid  development  of  apple-scald  at  the  higher  temper- 
atures should  be  attributed  to  the  more  rapid  procedure  of  respiratory 
activities  that  have  become  abnormal  rather  than  to  any  greater  inhib- 
itory action  of  the  accumulated  carbon  dioxid. 

Scald  has  not  occurred  at  30°  either  in  moist  cnambers  or  in  open 
containers.  This  may  have  been  due  to  the  fact  that  the  carbon  dioxid 
oxygen  ratio  did  not  become  high  enough  to  cause  a  sufficiently  disturb- 
ing eflFect  upon  respiratory  activities  at  such  a  high  temperature.  The 
skin  color  changes,  however,  were  peculiar  at  this  temperature,  indicating 
the  possibility  of  other  causes  for  the  absence  of  scald. 

Scald  occurred  at  0°  in  the  open  containers,  but  not  at  5°  or  at  any  of 
the  higher  temperatures.  This  contrast  might  be  attributed  to  the 
greater  inhibiting  value  of  carbon  dioxid  at  low  temperatures,  but  the 
relatively  small  amount  of  this  gas  found  in  the  0°  box  has  not  furnished 
any  support  for  this  theory.  It  is  the  opinion  of  the  writers  that  the 
development  of  scald  at  0°  under  conditions  that  have  not  produced  it 
at  higher  temperatures  should  be  at  least  partly  credited  to  the  depressing 
effect  of  the  low  temperature  itself.  It  is  especially  interesting  in  this 
connection  to  note  that  scald  has  not  become  evident  while  the  apples 
were  at  o**,  even  when  it  has  been  actually  produced  at  that  temperature. 
The  skin  sometimes  took  a  slightly  faded  watery  appearance,  but  it  did 
not  turn  brown  till  the  apples  had  been  removed  to  a  warmer  tempera- 
ture. The  inhibition  of  the  browning  at  0°  should  probably  be  attributed 
to  the  suppressing  effect  of  the  low  temperature  upon  the  oxidizing 
enzyms  of  the  apple  skin,  and  it  would  certainly  not  be  surprising  if  a 
temperature  that  has  inhibited  oxidation  color  changes  should  also  have 
its  peculiar  effects  upon  the  oxidation  connected  with  respiration. 

Scald  apparently  results  from  some  effect  that  acts  as  a  cumulative 
agent.  Its  rate  of  development  is  influenced  by  temperature,  by  the 
maturity  of  the  fruit,  and  within  certain  limits  by  the  degree  of  aeration, 
but  it  has  not  been  found  possible  to  produce  it  in  a  short  period  of  time 
by  the  intensification  of  any  favoring  agency. 

Apples  stored  under  conditions  favorable  to  the  development  of  scald 
but  removed  to  other  conditions  before  a  certain  critical  period  is  reached 
apparently  do  not  retain  their  accumulated  scald  tendencies.    A  striking 
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example  of  this  is  seen  in  the  curves  of  the  Grimes  apples  of  figures 
II  and  15.  Both  were  pf  the  same  lot,  but  those  of  the  latter  figure 
had  been  in  commercial  cold  storage  five  weeks  before  the  particular 
experiment  was  started.  These  apples  had  a  day's  aeration  in  the  labo- 
ratory and  were  then  divided  up  and  placed  at  the  various  temperatures 
of  the  experiment.  Those  in  moist  chambers  at  0°  scalded  as  quickly 
as  those  left  in  commercial  cold  storage  or  as  those  of  figure  12  that  were 
placed  at  o*^  in  the  beginning,  but  those  in  moist  chambers  at  10®,  15®, 
and  20°  scalded  far  more  slowly  than  similar  apples  that  had  never  been 
in  storage.  (See  figures  11  and  15.)  The  cold-storage  apples  placed  in 
open  containers  did  not  scald  at  any  of  the  temperatures,  while  the  apples 
from  cold  storage  did  not  scald  at  o^  in  open  containers;  those  placed 
under  this  condition  at  first  had  60  per  cent  of  scald  by  the  end  of  the 
experiment.  (See  curve  3,  figure  1 7.)  The  checking  effects  of  cold  storage 
must  not  be  overlooked,  but  the  fact  remains  that  apples  stored  at  o**  for 
more  than  one-third  of  the  time  necessary  to  produce  scald  at  that  tem- 
perature have  scalded  much  more  slowly  upon  removal  to  other  condi- 
tions than  similar  apples  fresh  from  the  tree. 

Scald  may  be  local  in  its  effects;  one  side  of  the  apple  may  be  scalded 
and  the  other  not;  or  scald  spots  may  be  scattered  over  the  surface  of 
the  apple. 

The  production  of  apple-scald  has  been  accompanied  by  a  reduction  in 
the  sugar  and  acid  content  of  the  apple,  by  a  retardation  in  skin 
color  changes  (in  Grimes)  and  by  an  increase  in  mealiness,  all  of  which 
might  be  considered  as  the  expected  result  of  respiration  carried  out 
imder  conditions  of  restricted  aeration.  When  the  aeration  has  been 
further  decreased,  scald  has  not  occiu-red;  but  alcohol  and  various  nau- 
seating odors  have  been  produced,  suggesting  a  high  degree  of  intra- 
molecular respiration.  The  results  seem  to  indicate  that  apple-scald  is 
produced  by  the  long-continued  action  of  shghtly  abnormal  respiratory 
conditions. 

Much  that  has  been  said  in  regard  to  the  nature  of  scald  has  been  found 
true  of  Jonathan-spot.  The  two  diseases  are  alike  in  the  tissue  affected; 
they  have  similar  temperature  responses  and  are  similarly  affected  by 
aeration  and  humidity  and  by  maturity  of  fruit.  In  all  these  cases  the 
response  has  been  much  less  striking  with  Jonathan-spot  than  with 
apple-scald,  but  the  similarities  are  great  enough  to  suggest  some  close 
relationship  in  the  fundamental  causes  of  the  two  diseases. 

SUMMARY 

(i)  Jonathan-Spot  and  apple-scald  have  shown  many  similarities.  The 
initial  stages  of  both  diseases  were  found  to  be  confined  to  the  color- 
bearing  cells  of  the  skin.  Both  rendered  the  apples  susceptible  to  rot 
infections.    Both  were  decreased  by  good  aeration  and  by  a  fair  degree 
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uit,  and  both  increased  with  a  rise  in  temperature, 
.t  about  20°  and  a  maximum  at  about  30**  C. 
d  York  Imperial  ♦  apples  scald  developed  in  moist 
10**,  15°,  and  20®  C,  the  rapidity  of  development 
rise  in  temperature.  In  open  containers,  how- 
)ped  at  any  of  the  above  temperatures  except  0°. 
sed  jars  but  with  the  air  renewed  once  a  day  have 
lowly  than  similar  apples  in  moist  chambers, 
t  15®  C.  in  an  atmosphere  having  a  high  percentage 
)bably  more  than  5  per  cent  in  all  cases)  have  not 
lid,  but  have  first  passed  into  a  sort  of  rigor,  have 
igent  alcoholic  taste,  and  have  finally  broken  down 
ced  or  frozen  apple. 

i  of  the  opinion  that  apple-scald  is  largely  due  to 
'  conditions  resulting  from  poor  aeration.  It  has 
t  the  occurrence  of  scald  has  been  accompanied  by 
acids  and  sugars,  by  a  mealiness  in  the  flesh  of 
checking  in  the  color  changes  in  the  skin  (^Grimes), 
inal  cause  of  scald,  one  should  consider  both  the 
)n  of  the  organic  food  materials  and  the  accumu- 
5  of  incomplete  oxidation. 

within  the  apple  tissue  which  finally  result  in  scald 
ature  and  apples  removed  from  unfavorable  storage 
ertain  critical  period  was  reached  have  shown  little 
ptibility  to  the  disease. 

1  color  development  in  Grimes  apples  has  increased 
irature  from  o®  to  30*^  C.  It  has  been  checked  by 
pparently  has  been  little  affected  by  the  degree  of 

s  been  found  more  serious  on  green  fruit  than  on 
developed  more  rapidly  on  the  latter, 
/e  been  delayed  in  storage  have  developed  less  scald 
nediately,  but  results  of  other  experiments  reported 
the  effect  of  delayed  storage  upon  apple-scald  will 
ial  maturity  of  the  fruit  and  the  degree  of  aeration 

held  in  commercial  cold  storage  for  five  weeks, 
time  required  to  produce  scald  under  cold-storage 
►wn  much  less  susceptibility  to  the  disease  upon 
ditions  than  apples  of  the  same  picking  tested  five 

t  r61e  that  aeration  appears  to  play  in  the  preven- 
lay  furnish  an  explanation  for  the  small  amount  of 
3und  in  cellar  and  air-cooled  storage. 
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PLATE  19 

Agaricus  iabularis: 

mng  42  mushrooms.  The  area  just  inside  the  fruiting 
ing  short  grass.  Inside  this  dead  zone  is  a  stimulated 
Festuca  ocioflora,  Akron,  Colo.,  June  15,  1915. 
5  fresh  mushrooms.  There  are  also  47  dry  mushrooms, 
on  is  typical  short  grass.  A  narrow  stimulated  area, 
oflora  extends  several  inches  in  advance  of  the  fruiting 
I  zone  the  short  grass  is  dead.  Inside  this  dead  zone 
of  annuals  and  Malvastrum  coccineum,  with  short  grass 
at  a  distance  of  about  4  meters  inside  the  fruiting  zone. 
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PLATE  21 
Agarictis  tabularis: 

A.— Effect  of  a  ring  on  Kubanka  wheat.  The  wheat  at  the  left  shows  nonnal 
pfodiiction  on  the  plot;  at  right,  the  straw  is  weak,  the  heads  are  poorly  filled  and 
prematurely  ripened.  The  yield  (^  dry  matter  at  the  left  was  500  gm.  per  square 
meter;  at  the  right,  400  gm.  Even  a  greater  difference  was  shown  in  the  yield  of 
grain,  that  in  the  ring  being  63  gm.  and  that  outside  being  137  gm.  per  square  meter. 
In  this  case  the  yield  in  dry  matter  inside  was  only  80  per  cent  of  that  outside  and 
the  yield  of  grain  only  46  per  cent.    Akion,  Colo.,  August  10,  1915. 

B.— The  stubble  showing  the  distribution  of  the  ring  of  A .  tabularis.  The  wheat 
ripened  off  early  in  the  ring,  and  the  straw  turned  dark.  The  farther  end  of  the  trench 
^wn  in  figure  2  ended  at  about  the  middle  of  the  for^rotmd  of  this  picture.  Akron, 
Colo.,  August  z6,  X915. 
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PLATE  22 

Agoficus  tabulaHi 

ring  fanned  by  A .  iabularis  in  a  field  of 
prominent  zone  in  this  ring.  The  dry  s 
ant  growth  on  the  stimtdated  zones.  Akr 
trench  across  the  ring  shown  in  the  figui 
)  permeated  ¥dth  the  mycelium  and  was 
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PLATE  23 

A.— Method  of  measuring  the  penetration  of  water  in  three  zones  of  a  ring  of 
Agaricus  tabuUms,  The  first  three  2-liter  flasks  in  the  for^nmnd  are  in  the  bare  zone, 
the  second  three  are  in  the  withered  zone,  and  the  three  in  the  backgrotmd  are  out- 
side. Those  in  the  bare  and  withered  zones  are  still  almost  full  of  water  while  those 
outside  in  the  natural  sod  are  empty.    Akron,  Colo.,  July  13,  1916. 

B. — ^A  ring  of  Agaricus  arvensis  showing  the  effect  of  irrigation  during  a  dry  year 

on  the  different  zones.    At  this  period  the  vegetation  both  in  the  zones  of  the  ring 

and  in  the  native  sod  was  entirely  dormant,  due  to  drouth.    On  this  account  the 

withered  zone  could  not  be  distinguished  from  the  other  vegetation.    The  effect  of 

the  surface  flooding  was  marked  between  the  lines  C  and  D.    The  outer  edge  of  the 

bore  zone  is  marked  by  the  line  A  and  the  outside  of  the  irrigated  area  by  the  line  B. 

The  area  3  represents  the  bare  zone  during  a  dry  year  and  was  in  the  same  condition 

sinning  of  the  experiment.    The  effect  of  irrigation  on  the 

comparing  area  2  with  area  4.    It  is  clear  that,  although  the 

dyii^  out  owing  to  drouth,  if  water  was  continually  supplied 

D  keep  the  surface  soil  continually  moist  the  grasses  and  other 

,  indicating  that  the  chief  cause  of  the  death  of  the  vegeta- 

in  soil  moisture.    In  the  background  of  areas  i  and  2  is  shown 

I  Plate  30,  A.    Akxon,  Colo.,  August  14,  1916. 
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A.—A  trench  across  the  irrigated  plot  tSaown  in  Plate  19,  B.  Altlion^  water  had 
been  added  ccmtinuously  as  rapidly  as  it  was  taken  up  by  the  soil,  there  was  no 
penetration  into  the  mycelium  area,  which  still  remained  very  dry.  The  growtli  of 
the  native  plants  in  this  area  was  due  entirely  to  the  water  available  in  the  upper 
3  or  4  inches  of  soil.    Akron,  Colo.,  June  38,  1916. 

B. — ^A  ring  of  Calvatia  cyatkiformis  photographed  August  21, 1907, 16  miles  north 
of  Cheyenne  Wells,  Colo.  The  ring  is  not  complete;  16  of  the  27  fresh  puffbaBt 
should  show  in  this  illustration.  Fifty-six  sterile  bases,  the  remnant  oi  an  earlier 
crop,  were  found  in  the  same  xone  occupied  by  the  fresh  fruiting  bodies.  Altbougb 
much  of  this  section  of  country  suffered  severe  drouth  in  1907,  recent  rains  had 
caused  hundreds  of  these  Calvatia  rings  to  fruit.  This  ring  was  fully  aoo  meters 
across. 
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PLATE  25 
Cahatia  cyathtformis: 

A. — ^A  ring  showing  stimulation  of  native  plants  inside  the  fruiting  zone.  The 
plants  showing  increased  growth  are  the  annuals  Plantago  purskii,  Festuca  octoflota, 
Lepidium  ramcssissitnum,  etc.,  and  the  perennial  short  grasses  and  Artemisia 
ffigida.  The  fruits  are  well  in  advance  of  this  stimulated  zone.  The  advance 
hoe  is  from  left  to  right.  The  second  crop  of  puffballs  is  seen.  Akron,  Colo., 
August  16,  1915. 

B. — ^A  trench  through  fruiting  zone  of  C.  cyatkifomUs,  The  soil  is  moist  throughout, 
owing  to  recent  rains.  The  mycelitmi  can  be  distinguished  with  difficulty  and  does 
not  render  the  soil  impervious  to  water  as  does  the  mycelium  of  Agaricus  iabularis. 
Fruiting  bodies  are  seen  about  30  cm.  ahead  of  the  stimulated  area  in  which  Plantago 
^ff Aft  shows  greatest  response.    Akron,  Colo.,  August  16,  1915. 
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A. — A  ring  of  CahaHa  cyatkiformis  producing  a  second  cfop  of  pufl 
sterile  bases  of  the  June  crop  are  still  present  and  occur  in  the  outer 
stimulated  area.  Eleven  fruits  and  ten  old  stumps  occiu"  in  the  same  pc 
ring.  This  ring  is  shown  in  figure  2  as  ring  5.  The  stimulated  effect  is  sh 
in  the  Plantago  purshii,  and  is  evident  for  a  distance  of  1.5  meters  in  the  ring.  The 
first  crop  appeared  at  thi  very  edge  of  this  area.  The  second  crop  shown  in  this 
illustration  is  about  30  cm.  in  advance  of  this  area.    Akron,  Colo.,  August  z6,  1915. 

B. — ^A  large  ring  formed  by  Lepiota  morganiit  showing  a  second  crop  of  fruiting 
bodies.  The  sketch  of  this  ring  (fig.  7)  shows  10  fresh  and  about  50  dry  fruiting  bodies 
from  the  earlier  crop.  The  vegetation  is  largely  Andropogon  sco partus  and  Bouieloua 
hirsuta,  but  no  effect  from  the  presence  of  the  fungus  is  noticed  on  the  native  growth. 
The  ring  is  about  24  meters  across  and  forms  an  almost  perfect  circle.  The  soil  is 
sandy.  The  young  fruiting  bodies  are  about  15  cm.  in  advance  of  the  old.  Twelve 
miles  southeast  of  Yuma,  Cob.,  August  17,  1915. 
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PLATE  a; 

A.— Three  stages  in  the  ripening  of  sporophores  of  CahaUa  cyaUufarmis.  The 
Mdn%  body  at  the  left  has  just  formed,  and  the  flesh  is  still  white  and  in  good  condi- 
tkn  to  eat.  The  peridium  is  already  strongly  marked .  The  fruiting  body  at  the  right 
is  at  least  2  days  older,  and  the  peridium  is  breaking  off  in  rather  thin  plates.  In 
the  center  is  a  still  older  fruiting  body  from  the  upper  part  of  which  the  peridium  has 
blown  away,  exposing  the  spore  mass.    The  diameter  d:  largest  fruiting  body  is  15  cm. 

B.— Effect  of  a  ring  of  C.  cyathiformis  on  the  density  of  the  short-grass  sod.  The 
uea  behind  the  short  stakes  is  in  the  stimulated  zone,  while  that  in  the  foreground  is 
in  the  natural  sod.  The  effect  here  has  been  to  thicken  the  sod  cover.  Akron,  Colo., 
Jiffle  10,  1916. 

C~Thiee  fruiting  bodies  of  L$piota  morganii  in  place  in  the  fairy  ring  shown  in 
Plate  22B,  and  sketched  in  figure  7,  and  two  fruiting  txKlies  inverted.  These  fruiting 
bodies  are  from  is  to  so  cm.  in  diameter. 
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PLATE  28 

A. — ^A  small  ring  formed  by  Agarictu  campestrist  showing  a  total  of  29  mnduooms, 
the  largest  being  about  zo  cm.  in  diameter.  The  footpath  in  the  upper  right  portkn 
of  the  illustration  has  no  connection  with  the  ring.    Aknm,  Colo.,  Jtme  17,  1916. 

B. — ^A  laige  ring  of  CahaHa  polygania,  showing  14  fruiting  bodies,  the  laigest  of 
which  are  33  cm.  in  diameter.  The  diameter  of  this  incomplete  ring  was  about  100 
meters.  Ihe  puffballs  occurred  at  the  edge  of  a  very  green  area  of  short  grass.  No 
difference  in  composition  of  the  native  was  noted,  but  the  deep-green  oolor  and  the 
somewhat  more  luxuriant  growth  of  the  short  grasses  just  inside  the  fruiting  zone  vas 
especially  noticeable.    Six  miles  southwest  of  Ytuna,  Colo.,  July  26,  1907. 
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PLATE  29 

Cahfotia  polygonia: 

og  bodies  showing  the  character  of  the  peridium  at  different 
xiy  at  the  right  is  30  cm.  in  diameter  and  is  a  little  older  than 
I,  Colo.,  July  20,  1907. 
body  dried  in  place,  showing  the  thick  peridium  scales. 

Kxiy  30  cm.  across,  which  for  some  reason  has  split  open  during 
I.  The  dry  air  has  cured  the  tissue  before  mature  spores  were 
ies  of  this  fungus  are  often  foimd  in  this  condition.    Akron, 
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Apple-scald: 

Grimes  apples  Showing  the  effect  of  storing  at  15*^  C.  from  September  9  to  October 
30.  The  upper  apple  was  stored  in  an  open  container  and  remained  free  from  scald. 
The  lower  apple  was  stoned  in  a  moist  chamber  and  became  scalded, 

(3x8) 
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PLATE  33 
Apple-scald: 

A.— Ofimes  tcpplta,  ahowing  the  effect  of  storing  at  lo*^  C.  from  September  9  to  No- 
^tmber  20.  The  upper  i^le  was  stored  in  an  open  container  and  remained  free 
bom  scald.  The  lower  ^>ple  was  stoced  in  a  moist  chamber  and  was  badly  scalded 
at  the  end  of  the  period. 

B.— Grimes  apples,  allowing  the  effect  of  storing  them  at  xo^  C  from  August  iz  to 
October  17.  The  upper  apple  was  stored  in  an  open  container  and  remained  free  from 
KakL   The  lower  apple  was  stored  in  a  moist  chamber  and  became  scalded. 

C— An  apple  with  part  of  its  surface  inclosed  in  a  tumbler.  The  inclosed  portion 
^baw%  an  early  stage  of  scald,  while  the  part  that  is  outside  is  free  from  scald. 
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STUDIES  IN  GREENHOUSE  FUMIGATION  WITH  HYDRO- 
CYANIC  ACID:  PHYSIOLOGICAL  EFFECTS  ON  THE 
PLANT  * 

By  WnjjAM  Moors,  Head  qf  Section  of  Research  in  Economic  Zoology,  and  J.  J.  Willa- 
MAN,  Astutant  Chemist,  Minnesota  Agricultural  Experiment  Station 

INTRODUCTION 

In  a  previotis  paper  (15)'  the  relationship  between  temperature  and 
moistttre  to  the  d^;ree  of  injury  to  plants  fumigated  with  hydroc3^anic 
add  was  considered.  The  next  step  in  the  investigation  has  been  to 
detennine  the  action  of  the  gas  on  the  tissues  of  the  plant.  Little  infor- 
mation on  this  point  is  to  be  found  in  the  literature.  In  fact,  some 
investigators  have  considered  the  injury  to  be  not  due  to  hydrocyanic 
add,  but  to  hydrochloric-add  fumes  generated  from  sodium-chlorid 
impurities  in  the  commerdal  C3ranid  (24).  The  reactions  of  hydrocyanic 
add  on  isolated  compounds  have  received  considerable  attention,  but  not 
from  the  standpoint  of  injury  to  plants  during  fumigation.  The  object 
of  this  paper  is  to  show  that  hydroc3ranic  add  penetrates  the  tissues  and  is 
responsible  for  certain  disturbances  in  the  metabolism  of  the  plant  which 
may  result  in  injury  or  even  death. 

EVIDENCE  OF  THE  PENETRATION  OF  THE  GAS 

la  order  to  demonstrate  the  actual  presence  of  the  hydrocyanic  add 
in  the  plant,  chemical  analyses  were  made  at  various  intervals  after 
fumigation. 

From  60  to  130  gm.  of  tomato  plants,  usually  8  to  20  plants,  were  ground 
m  a  food  chopper,  suspended  in  a  Kjddahl  flask  in  300  c.  c.  of  5  per  cent 
tartaric  add,  and  slowly  distilled  into  a  little  5  per  cent  sodium  hydroxid 
until  100  c.  c.  of  distillate  were  obtained.  The  cyanid  in  this  distillate 
was  then  estimated  by  the  method  of  Viehoever  and  Johns  (22).  A  por- 
tion of  the  sample  of  tissue  was  used  for  the  determination  of  dry  matter. 

The  results  are  given  in  Table  I.  It  is  evident  that  there  is  an  appre- 
ciable amount  of  C3ranid  absorbed,  and  that  this  amount  is  proportional 
to  the  injury  produced.  These  figures  are  only  comparative,  since  it  is 
impossible  to  recover  quantitativdy  the  hydrocyanic  add  contained  in  a 
plant  tissue  (i,  23).  The  add  disappears  within  a  few  hours  after 
fumigation;  and  it  is  during  this  period,  as  will  be  shown  later,  that 
certain  physiological  disturbances  are  evident. 


*  PnbBilied*  with  the  approval  o^  the  Director,  as  Paper  No.  69  of  the  Journal  Series  of  the  MinnesoU 
Bxpcrimciit  Station. 
'Kcfoocc  Is  made  by  number  to  "  literature  cited."  p.  336-338. 
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TablS  I. — Amounts  cf  hydrocyanic  acid  iibsarM  by  iki  plants  dwing fumigation 
(Rctult>  CAtMtBMd  M  pcrccntaieof  hydrocyanteackl  in  dry  wdcht  d  phiitai 


S«tNo. 

Time 

after  fumi- 

gatioo. 

Percentacc 

ol  hydro. 

cyanic  add 

to  dry 

matter. 

Injury  to  plants. 

Dote. 

Set  I 

ao 

.0 

.6 

I.  2 

2.0 

.  0 

1.5 

5.6 

.0 

.0 
2.0 

a  0037 

.0047 
.0041 

•0037 
.0027 
.0100 
.0077 
.0032 
.0006 

.0090 
.0060 

Slight  burning.  . . 

Severly  injtired .  . 
do 

I    gm.    of    potassmm    cyanid 
per  cubic  meter  for  i  hour 
Do. 
Do. 

Set  II 

Set  III 

do 

do 

do 

do 

Do. 
Do. 
I    gm.    of    potassium    cyanid 
per  cubic  meter  for  1.5  houis. 
Do. 

do 

Set  IV 

Not  injured 

do 

I  gm.  of  potassiiun  cyanid  per 
cubic  meter  for  i  hour. 
Do. 

SetV 

Severely  injured.. 
do 

1.25  gm.  of  potassium  cyanid 
per  cubic  meter  for  i  hour. 
Do. 

In  the  work  reported  in  the  previous  paper  (15)  there  was  evidence 
that  the  absorbed  hydrocyanic  add  was  given  off  from  the  leaves  into 
the  atmosphere  after  removal  from   the  fumigation  chamber,   since 
plants  were  least  injured  when  put  imder  conditions  favorable  to  rapid 
evaporation  of  the  hydrogen  C3ranid.    That  the  add,  however,  may  be 
partly  or  completely  destroyed  in  the  tissues  is  suggested  by  the  work 
of  Schmidt  (18)  and  of  Dezani  (7),  in  which  there  was  reported  the 
destruction  of  a  considerable  portion  of  the  absorbed  or  injected  cyanid, 
by  the  sap  of  fruit,  stem,  and  leaves.     To  determine,  if  possible,  the 
fate  in  tomato  plants  of  hydrocyanic  add  absorbed  during  fumigation, 
resort  was  had  to  Mirande's  (13)  sodium-picrate  test  paper  for  the  de- 
tection of  the  add  given  off  by  leaves.    After  fumigation  one  plant 
was  placed  in  a  bell  jar  just  large  enough  to  contain  it,  with  a  strip  rf 
the  moist  test  paper  suspended  among  the  leaves  from  the  top  of  the 
jar.    The  leaves  from  another  plant  were  packed  loosdy  in  a  jar  with 
strips  of  test  paper.    After  two  hours  a  slight  orange  tinge  was  observed 
on  the  latter  paper,  but  none  on  the  paper  under  the  bell  jar.    The 
color  represented  an  amount  of  evolved  cyanid  gas  equal  to  only  an 
extremely  small  fraction  of  the  amount  that  must  have  been  contained 
in  the  leaves.     It  seems,  therefore,  that  most  of  the  hydrocyanic  add 
is  destroyed  by  the  tissues,  being  dther  united  with  sugars  or  converted 
into  ammonia.     It  is  rather  probable  that  the  hydrocyanic  add  which 
actually  gains  entrance  to  the  cells  is  never  evolved  from  them  again 
and  that  the  acid  which  is  still  within  the  intercellular  spaces  and  in 
the  cutide  at  the  close  of  the  ftunigation  may  be  evaporated  into  the 
atmosphere  if  placed  under  the  proper  conditions. 
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EFFECT  OF  THE  ENZYMIC  ACTIVITIES  OF  THE  PLANTS 

Geppert's  (10)  work  has  proved  conclusively  that  in  the  higher 
animals  absorbed  hydrocyanic  add  limits  oxygen  transfer  in  the  tis- 
sues. Loevenhart  and  Kastle  (12)  have  shown  that  the  gas  is  able 
to  paralyze  the  catalytic  activity  of  solutions  of  metallic  colloids. 
Kastle  and  Loevenhart  (11)  showed  that  hydrogen  cyanid  inhibits  the 
action  of  potato  oxidases,  while  recently  Shafer  (19)  has  shown  that  it 
afFects  the  activities  of  oxidases,  catalase,  a!hd  reductase  in  insect  tis- 
sues. One  would  expect,  therefore,  to  find  that  in  plants  which  had 
absorbed  bydroc3^anic  add  during  fumigation  the  respiratory  enzyms 
at  least  were  affected.  Bnz3mis  other  than  those  connected  with  res- 
piration were  tested  for  the  effect  of  hydrocyanic  add  as  follows:  Com- 
mercial pepsin  acting  on  coagulated  white  of  egg;  proteases  extracted 
from  tomato  leaves  acting  on  coagulated  fibrin;  taka  diastase  aud  dia- 
stase from  tomato  leaves  acting  on  soluble  starch;  zymase  acting  on 
dextrose;  rennin.  The  result  in  each  case  ysras  that  there  was  no  appar- 
ent effect  on  these  enzyms,  either  in  speed  of  action  or  in  total  change 
produced. 

Among  the  respiratory  enzyms  studied  were  oxidases,  catalase,  and 
reductase.  In  this  paper  these  terms  should  be  construed  as  follows: 
Oxidases  are  the  substances  which  will  cause  transfer  of  atmospheric 
oxygen  to  aromatic  chromogens,  such  as  hydroquinone,  pyrogallol,  and 
the  cresols.  Catalase  liberates  molecular  oxygen  from  hydrogen  per- 
oxid.  The  reductase  activity  sought  here  was  the  decolorizing  of 
methylene  blue  in  the  absence  of  oxygeiL  Two  kinds  of  preparations 
for  enzym  work  were  used:  First,  the  juice  of  the  leaves,  obtained  by 
grinding  them  in  a  food  chopper  and  squeezing  through  silk  bolting 
doth;  second,  the  dried  leaf  powder,  obtained  by  drying  the  leaves  in 
a  vacuum  desiccator  over  quicklime,  then  powdering  in  a  mortar  and 
sifting  through  No.  12  bolting  doth. 

Oxidases. — ^For  the  quantitative  determination  of  oxidase  activity 
Bunzel's  (6)  simpler  apparatus  was  employed.  A  temperature  erf  37*^  C. 
was  used  in  all  determinations;  o.i  gm.  of  leaf  powder  was  allowed  to 
act  on  0.01  gm.  of  oxidizable  chemical  until  the  reading  was  constant, 
visually  1.5  to  2.0  hours.  As  a  preliminary  a  number  of  oxidizable 
chemicals  were  tried.  Since  p3rrocatechol  and  hydroquinone  gave  the 
best  results,  they  were  used  in  this  work. 

In  order  to  demonstrate  that  the  presence  of  hydroc)^nic  add  inhibits 
oxidase  activity,  powder  from  normal  tomato  leaves  was  placed  in  one 
ami  of  the  Bunzd  tubes  and  varying  concentrations  of  hydrogen  cyanid, 
together  with  hydroquinone,  were  placed  in  the  other  arm.  In  this  way 
the  cyanid  and  the  leaf  powder  did  not  come  in  contact  except  during 
the  reaction  period.  The  results  are  shown  in  figure  i.  It  is  evident 
that  there  is  a  rapid  decline  in  activity  in  the  presence  of  even  very 
small  amounts  of  the  poison. 


Digitized  by 


Google 


322 


Journal  of  Agricultural  Research 


VcLXLNar 


Next,  in  order  to  show  whether  the  hydrocyanic  add  destroys  or  com- 
bines with  the  enzym  and  exerts  its  effect  even  after  the  poison  has  been 
removed  and  when  it  is  not  present  daring  the  oxidase  reaction,  the 
following  experiments  were  performed:  04  gm.  of  leaf  powder  on  a  watdi 
glass  was  made  into  a  paste  with  i.o  c  c.  of  the  hydrocyanic-add  solu- 
tion to  be  tested,  covert  with  another  watch  glass  and  allowed  to  stand  for 
varying  lengths  of  time;  then  placed  in  a  vacuum  desiccator  for  24  hours. 

After  powdering  it 
in  a  mortar  it  was 
sieved  through  No.  12 
silk  bolting  doth  and 
used  for  oxidase  de- 
termination, as  in  the 
original  powder.  The 
results  are  shown  In 
figure  2.  The  curves 
indicate  that  there  is 
no  permanent  injury 
to  theoxidase  activity 
of  these  powders  fol- 
that  if  there  is  any 
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Tto.  i.—Cnrvct  ihowinc  in  two  maaaglkt  d  tomato  leAret  the  effect  on 
oxidMe  activity  ni  the  pretence  id  hydrocyanic  add  during  the 
determination. 


lowing  treatment  with  hydrocyanic  add,  and 
change  at  all  it  is  a  slightly  increased  activity. 

To  show  the  effect  of  fumigation  with  hydrocyanic  add  on  the  oxidases 
of  tomato  plants  {Lycopersicon  esculentum)^  a  group  of  plants  about  30 
cm.  high  was  divided  into  two  sets.  One  set  was  fumigated  with  1.0 
gm.  of  potassium  cyanid  per  cubic  meter  for  one  hour  in  the  middle  of 
the  day ;  the  other  group  was  hdd  as  normal.  At  stated  intervals  before 
and  after  fumigation  samples  consisting  of  the  upper  three  leaves  of  the 
plants  (since  the  younger  leaves  always  show  effects  of  fumigations  more 
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FlO.  a.^Curvct  ahowinf  the  ooddaae  activity  ol  leaf  powders  treated  with  varying  conoentratiaas  of  hydro* 
cyanioacideolixtion,  the  hitter  having  been  removed  before  the  determination  was  made:  il,tratedi5 
minutes  before  desiccation;  B,  C,  D,  E,  treated  a  hoius  before  desiccation. 

and  contain  the  more  active  oxidases)  were  taken  and  prepared  in  the 
powder  form  for  analysis.  The  data  are  ^own  in  the  upper  curves  of 
figure  3.  There  is  a  sudden  and  striking  drop  in  oxidase  activity  exhib- 
ited by  the  fumigated  group  at  the  dose  of  the  fumigation.  This  is 
followed  by  a  rapid  recovery  to  normal  within  13  hours.  The  experi- 
ment was  repeated  with  a  second  group  of  plants  with  similar  results,  b$ 
shown  in  the  lower  curves  of  figure  3.  In  this  case  the  recovery  was  even 
more  rapid,  bdng  complete  in  two  hours. 
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Tlie  pennanency  of  this  reooveiy  is  shown  by  the  following  expe^^ 
A  tmifonn  group  of  tomato  plants  about  17  cm.  high  was  divided  into 
four  sets  <rf  30  plants  each.  No.  6  was  normal,  unf  umigated.  No.  7  was 
fumigated  from  7.30  to  8.50  p.  m.  with  i  gm.  of  potassium  cyanid  per 
cubic  meter  of  air  at  a  temperature  of  13^  C.  Owing  to  the  low  tempera- 
ture half  the  {dants  were  killed,  and  experimental  work  could  not  be 
started  on  the  other  half  until  four  weeks  later.  No.  8  was  fumigated 
with  0.25  gm.  of  potassium  cyanid  per  cubic  meter  overnight  3  times  at 
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Flo.  1.— Carvet  thowinc  the  hourly  activity  ol  the  oxidnw  of  fumigated  and  (A  normal  tomato  plants. 

2-week  intervals.  There  was  no  visible  injury.  No.  9  was  fumigated 
with  0.25  gm.  of  potassium  cyanid  per  cubic  meter  overnight  10  times  at 
3-day  intervals.  Samples  for  oxidase  analysis  were  taken  at  intervals 
and  prepared  in  the  powder  form.  Figure  4  gives  the  results.  The  curves 
indicate  that  there  is  in  general  no  permanent  decrease  in  oxidase  activity 
except  in  the  group  very  frequently  fumigated. 

Many  other  determinations  on  the  fresh  juice  of  tomatoes,  working  with 
both  hydroquinone  and  pynxratechol,  confirmed  the  above  results. 
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Vio.4.— Cnnrcs  showing  the  ooddaae  activity  of  fumigated  and  of  unf  umigated  tomato  plants  over  a  period 
of  eight  weeks.    F,  dose  of  fumigation. 

Catalasb. — ^For  the  quantitative  determination  of  catalase  activity 
0.025  V^'  of  the  powder,  or  0.13  c.  c.  of  juice,  was  allowed  to  act  on  2.0 
c  c.  of  3  per  cent  hydrogen  peroxid  in  Bunzd  tubes  graduated  to  read 
poative  pressures  (2).  A  temperature  of  37^  C.  was  always  used,  and  the 
reaction  allowed  to  continue  for  15  minutes.  According  to  Appleman, 
catalases  are  rapidly  destroyed  by  contact  with  add  plant  juices,  and 
calcium  carbonate  has  to  be  added  as  a  preventive.  This  was  not  found 
to  be  the  case  with  tomato  juices,  however,  and  calcium  carbonate  was 
not  used  in  these  determinations. 
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The  data  in  figure  5  show  that  with  catalase,  as  well  as  with  the  oxi- 
dases, there  is  a  temporary  decrease  activity  at  the  close  of  fumigation, 
followed  by  a  rapid  recovery.  The  catalase  differs  from  the  oxidase 
activity,  however,  in  that  it  not  only  recovers  to  the  normal  but  that  it 
actually  exceeds  the  normal  in  considerable  d^^ree.  The  increase  above 
normal  at  the  end  of  the  series  of  samples  is  much  more  marked  than  the 
decrease  below  normal  at  the  b^;ixming,  which  is  the  reverse  of  that 
found  in  the  oxidase  curves. 

Reductase. — Reductase  activity  could  not  be  demonstrated  in  tomato 
leaves  by  the  methylene-blue  method  of  Shafer  (19). 

EFFECT  ON  RESPIRATION  IN  TOMATOES 

Certain  effects  of  hydrocyanic  add  upon  some  of  the  individual  enzyms 
connected  with  respiration  in  plants  having  been  demonstrated,  it  was 
next  deemed  advisable  to  study  the  effects  of  the  gas  on  the  respiratory 
process  itself. 
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Fio.  S.-^^ofTct  ihowinc  the  effect  of  hydrocy«ak>«dd  fin^ 

A  and  B,  juice  uaed;  C  and  D,  leaf  powder  uaed. 

The  amount  of  carbon  dioxid  given  off  by  a  plant  in  the  dark  during  a 
specified  period  was  used  as  the  index  of  comparative  respiration  between 
fumigated  and  unf umigated  plants.  The  respiration  chsunber  was  a  glass 
jar  30  cm.  high  and  13  cm.  in  diameter,  fitted  with  a  ground-glass  stopper, 
through  which  were  drilled  two  holes,  one  for  intake  and  one  for  outlet  of 
air.  A  black  bag  impervious  to  light  inclosed  the  jar.  The  carbon 
dioxid  was  absorbed  in  a  Truog  tower  of  beads  containing  standard 
barium  hydroxid  (21).  Another  tower  of  beads  containing  saturated 
baritun  hydroxid  was  used  to  free  the  ingoing  air  of  carbon  dioxid.  In 
order  to  avoid  laboratory  air,  a  long  tube  connected  the  apparatus  with 
the  outdoor  air  through  a  window.  By  means  of  a  water  pump  air  was 
aspirated  vigorously  through  the  apparatus  for  40  minutes.  It  was 
found  by  testing  against  pure  caldte  that  this  length  of  time  for  this  sized 
chamber  always  gave  95  to  98  per  cent  recovery  of  the  contained  carbon 
dioxid,  which  was  sufficiently  accurate  for  the  comparative  purposes  at 
hand.  Two  jars  and  two  plants,  one  normal  and  the  other  fumigated, 
were  always  run  side  by  side,  and  all  conditions  were  as  nearly  identical 
as  possible.  The  temperature  varied  from  20°  to  25®  C.  Five  or  six 
potted  tomato  plants  from  15  to  20  cm.  high  were  put  in  the  dark  for 
an  horn*.    Three  of  them  were  then  fumigated  in  the  dark,  the  others 
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being  kq>t  in  the  dark.  At  the  close  of  the  fumigation  one 
1  one  fumigated  plant  were  selected  for  respiration  meas- 
the  others  being  returned  to  the  greenhouse  to  observe  the 
Qjury.  The  pots  and  soil  surface  of  the  two  experimental 
thoroughly  paraffined  to  avoid  the  evolution  of  carbon  dioxid. 
were  put  into  their  respective  jars,  the  latter  sealed  tight  with 
d  the  air  freed  from  carbon  dioxid.  For  the  first  day  or  two 
I  carbon  dioxid  was  measured  every  three  to  six  hours,  as  is 
fure  6.  Since  the  atmosphere  in  the  jars  quickly  became  sat- 
moisture,  transpiration  nearly  ceased;  hence  the  plants  were 
lormal  conditions  in  this  respect,  and  as  a  result  there  was  a 
line  in  respiratory  activity  during  the  first  30  hours.    As  both 
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ifaowmg  tlie  rate  ol  reapvatkn  (in  milUcranu  ol  carbon  dioxid  per  hour  per  x  gm.  of  dry 
:)af  four  pairs  ol  tomato  plants.  Prom  top  to  bottom  the  froups  are  aitanged  in  order  of 
T  from  hydrocynio4irid  fumigation. 

ever,  were  under  the  same  conditions  throughout,  it  was  not 
essary  to  install  a  drying  medium  in  the  jars.  At  the  end  of 
lent  the  plants  were  removed  and  the  dry  weight  of  each  de- 
■i  form  a  basis  for  calculation.  Although  in  all  four  of  the 
\  carried  out  the  fumigation  dose  was  the  same,  there  was 
*  difference  in  the  gross  effect  on  the  plants,  owing  to  other 
tors  (15).  The  first  showed  no  apparent  injury;  in  the  second 
curled,  but  did  not  wilt;  in  the  last  two  the  smaller  leaves 
vilted,  and  some  did  not  recover.  This  selective  injury  pro- 
rent  types  of  respiration  curves. 

im  in  the  two  upper  curves,  a  slight  injury  results  in  a  material 
the  amount  of  respired  carbon  dioxid  at  the  end  of  the  f  umi- 
us  is  followed  by  a  rapid  recovery  not  only  to  normal,  but  in 
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excess  oi  the  nomial.  \^th  greater  injury  (the  two  lower  curves), 
however,  the  respiration  is  above  normal  even  at  the  dose  of  the  f um^a- 
tion.  It  remained  above  normal  throughout  the  experiments,  periods  d 
five  to  seven  da3rs.  A  normal  fumigation  with  hydrocyanic  add  there- 
fore results  in  a  temporary  decrease,  followed  by  an  increase  in  respira- 
tion. It  is  interesting  to  note  at  this  point  the  corrdaticm  in  the  form  of 
the  curves  of  the  catalase  and  respiratory  activities,  results  similar  to 
those  found  by  Appleman  in  potato  tubers.  The  curves  of  the  oxidase 
activities,  however,  do  not  conform  to  dther  of  these.  Our  results  seem 
to  confirm  Appleman's,  that  catalase  is  more  significant  in  respiratbii 
than  are  oxidases. 

EFFECT  ON  PHOTOSYNTHETIC  ACTIVITY 

Inasmuch  as  the  photosynthetic  activity  of  a  pltot  may  be  checked 
temporarily  or  permanently  by  heat,  asph3^xiation,  or  anesthetics  (8,  9), 
and  as  hydrocyanic  add  influences  the  respiration  of  the  plant,  it  was 
naturally  conduded  that  the  cyanid  might  affect  photos3rnthesis.  With 
a  view  to  ascertaining  this  point,  the  appearance  and  disappearance  of 
starch  in  tobacco  (Nicoiiana  tabacum)  and  geranium  {Pelargonium  spp.) 
was  followed.  The  test  for  starch  was  made  by  steeping  leaves  in  boilhig 
water  for  a  moment,  then  immersing  in  warm  alcohol  to  extract  the 
chlorophyll,  after  which  they  were  placed  in  weak  iodin  solution.  The 
plants  to  be  tested  were  placed  in  the  dark  for  24  hours,  or  until  a  starch 
test  on  the  leaves  was  negative.  When  free  from  starch,  the  plants  were 
divided  into  two  sets,  one  of  which  was  fumigated  in  a  tight  box  in  the 
dark;  the  normal  set  was  also  kept  in  the  dark  during  the  fumigation. 
The  dose  was  i  gm.  of  potassium  cyanid  per  cubic  meter,  for  one  hour 
in  the  case  of  the  tobacco,  and  for  one  and  a  quarter  hours  in  the  case  of 
the  geranium.  At  the  dose  of  the  fumigation  both  sets  were  brought 
into  the  light.  A  strong  starch  test  was  obtained  in  the  normal  plants 
within  an  hour,  but  the  fumigated  tobacco  required  5.5  hours,  and  the 
geranium  5  hours  before  even  a  slight  starch  test  was  obtained.  By  even- 
ing the  starch  content  was  still  much  less  in  the  fumigated  than  in  the 
normal.  Frequent  tests  showed  that  it  required  about  three  days  for  the 
fumigated  plants  to  recover  normal  activity.  Similar  tests  were  made 
with  potatoes,  cucumbers,  and  tomatoes,  with  like  results.  It  is  note- 
worthy that  the  first  evidence  of  recovered  photosynthetic  activity  cor- 
responds in  general  to  the  periods  of  recovery  of  the  catalase  and  the 
respiratory  activities. 

EFFECT  ON  TRANSLOCATION  OF  FOOD  MATERIALS 

It  was  observed  in  the  above  experiments  that  tfie  fumigated  plants 
were  not  able  to  use  up  during  the  night  even  the  small  amount  of  starch 
that  had  been  formed  up  to  the  previous  evening.     Evidently  the  trans- 
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location,  as  well  as  the  manufacture  of  starch,  is  interferred  with  by  hydro- 
cyanic-acid fumigation. 

To  confirm  this  point,  tomato  plants  were  pjaced  in  bright  sunlight 
tintil  in  the  afternoon  they  showed  a  high  starch  content.  A  number  of 
these  plants  were  fumigated  in  the  sunlight  with  i  gm.  of  potassium 
cyanid  per  cubic  meter  for  1.25  hours,  the  control  also  remaining  in  the 
sunlight.  At  the  close  of  the  fumigation  both  sets  were  placed  in  the 
dark.  Eighteen  hours  later  the  unfumigated  plants  showed  that  about 
three-fourths  of  the  starch  had  been  removed.  The  fumigated,  however, 
showed  apparently  no  diminution  in  starch  content.  Six  hours  later  the 
normal  gave  but  a  feeble  starch  test,  while  the  fumigated  set  still  gave 
a  strong  test.  It  required  from  3  to  3.5  days  for  complete  disappearance 
of  starch  in  the  fumigated  plants.  Similar  trials  were  carried  out  with 
other  sets  of  tomatoes  and  with  geraniums,  with  confirmatory  results 

There  are  two  possible  explanations  of  the  inability  of  the  plant  to 
remove  its  starch  after  submission  to  the  influence  of  hydrocyanic  acid. 
One  is  the  inhibition  of  the  diastases,  the  other  is  the  inhibition  of  the 
oxidation  of  sugars  in  the  growing  parts  of  the  plant,  which  would  tend  to 
mftintain  the  concentration  of  sugar  in  the  leaves  and  stems,  and  thus 
prevent  the  hydrol3rsis  of  starch. 

In  regard  to  the  first  possibility,  it  has  already  been  mentioned  under 
nonrespiratory  enzyms  that  diastases  are  not  a£Fected  by  hydrocyanic 
add.  To  test  the  point  more  accurately,  leaf  powders  were  prepared 
from  fumigated  and  unfumigated  leaves,  and  their  diastatic  activity 
tested  quantitatively.  One  gm.  of  each  of  the  powders  liberated  enough 
sugar  from  soluble  starch  to  reduce  1.04  gm.  of  copper  in  Fehling's 
solution.  Hence,  there  is  no  detectable  effect  of  hydroc)ranic  acid  on 
thisenz}^!. 

The  inhibition  of  sugar  oxidation  was  determined  in  the  following  way. 
A  large  geranium,  plant  containing  two  branches  of  about  equal  size 
was  selected.  About  5  inches  of  the  growing  shoot  of  one  branch  was 
mserted  into  a  fumigation  box  through  an  opening,  which  was  then 
sealed  tight.  This  shoot  was  fumigated  with  i  gm.  of  potassium  cyanid 
per  cubic  meter  for  one  hour.  The  plant  was  then  placed  in  complete 
darkness,  and  from  time  to  time  leaves  were  removed  for  a  starch  test. 
The  leaves  in  the  normal  branch  lost  all  their  starch  within  24  hours. 
The  basal  leaves  of  the  branch  the  tip  of  which  bad  been  fumigated 
required  48  hours  for  complete  removal  of  starch.  This  shows  that  the 
translocation  phenomenon  brought  about  by  bydrocyanic-add  fumiga- 
tion centers  in  the  growing  parts,  and  thus  is  primarily  a  failure  of  the 
oxidation  of  food  materials  in  those  regions.  A  few  days  later  it  was 
noticed  that  the  axillary  buds  of  the  leaves  below  the  fumigated  portion 
were  awakened  into  growth  just  as  if  the  growing  shoot  had  been  pruned. 
After  attaining  a  length  of  about  K  incb>  their  further  growth  was  pre- 
vented by  the  recovery  of  the  terminal  shoot. 
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EFFECT  ON  THE  COMPOSITION  OF  THE  PLANT 

In  view  of  the  fact  that  the  hydroc3raiiic  acid  absorbed  by  the  plant 
is  decomposed  in  the  tissues,  that  the  metabolism  of  the  plant  is  changed 
because  of  the  disturbed  enzym  equilibrium,  and  that  several  plants  have 
been  shown  to  utilize  the  nitrogen  of  the  cyanid  group  (7,  14,  18),  it 
was  thought  advisable  to  determine  whether  there  was  any  change  in 
the  composition  of  tomato  plants  due  to  C3^anid  fumigation. 

Six  uniform  groups  of  30  tomato  plants  were  selected  and  fumigated 
in  different  wa)rs,  as  described  in  Table  II.  After  six  weeks  of  growth  they 
were  cut  off  at  the  ground  and  the  fresh  weight,  dry  weight,  percentage 
of  ash,  and  percentage  of  protein  determined  for  each  set.  From  an 
examination  of  the  data,  it  will  be  seen  that  there  is  no  apparent  change 
in  the  gross  composition  of  these  plants  due  to  any  combination  of 
fumigation  doses. 

Tablb  1 1 . — A  nalysis  of  six  sets  cf  tomato  plants  fwmgated  with  hydrocyanic  add,  arranged 
in  ordsr  of  tktir  total  dry  weight 


No. 

XX 

10 
la 
14 

15 

13 


TreAtmcnt. 


X  fumigation,  0.35  gm.  of  potaaritun  cyanid 

per  cubic  meter  overnight 

3  fumigations,  0.25  gm.  of  potassium  cyanid 

per  cubic  meter  overnight,  a  weeks  apart . . . 
I  fumigation,  i  gm.  of  potassium  cyanid  per 

cubic  meter  for  1.5  hours  in  daylight 

I  fumigation,  0.5  gm.  of  potassiiun  cyanid  per 

cubic  meter  overnight 

Contro  1 ,  not  fumigated 

9  fumigations,  0.25  gm.  of  potassium  cyanid 

per  cubic  meter  overnight,  3  to  4  days  apart. . 


Wd^tof 
pknti. 

.  Ash. 

Frah. 

Dry. 

Gm, 

Gm. 

PtrcmL 

1,463 

X40 

21.22 

h295 

123 

16.45 

1,174 

xao 

19.95 

1,089 

I,  lOX 

X06 
103 

3a40 
ax.  88 

944 

95 

ax.  00 

ProtcnL 


PtromL 

X4.3I 

X6.84 

X4.38 

14.18 
1437 

14.38 


EFFECT  ON  THE  GROWTH  OF  THE  PLANT 

Townsend  (20)  has  shown  that  there  is  an  increase  in  germination  in 
seeds  fumigated  with  hydrocyanic  add.  Woodworth  (25)  found  that 
scale  insect  eggs  fumigated  with  a  sublethal  dose  of  hydiXKyanic  add 
resulted  in  their  earlier  hatching.  Many  of  the  fruit  growers  of  the 
West  are  convinced  that  whether  their  trees  are  infested  with  insects 
or  not  they  will  not  receive  a  maximum  jdeld  unless  they  have  been 
given  cyanid  fumigation.  A  similar  stimulation  in  the  growth  (rf  plants 
may  be  noted  in  Table  II,  where  four  fumigated  sets  at  the  close  of  the 
fumigation  exceeded  in  dry  weight  the  normal  set.  In  this  experiment 
very  frequent  fumigation,  with  a  consequent  constant  disturbance  of 
photos3mthetic  activity,  resulted  in  a  diminished  dry  weight. 
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To  obtain  more  definite  data  on  this  point,  a  longer  experiment  with 
tomatoes  was  conducted,  carrying  them  through  their  complete  life  cycle. 
Three  sets  (No.  16,  17,  and  18)  were  selected  according  to  uniformity  in 
size  and  vigor.  Wooden  boxes  16  indies  square  and  1 2  inches  deep  were 
filled  with  rich  soil  and  six  plants  in  each  allowed  to  attain  a  height  of 
about  6  inches  before  the  experiment  was  started.  There  were  10  boxes 
in  each  set.  Set  1 6  was  kept  as  a  control.  No.  1 7  was  fumigated  with  i  .5 
gm.  of  potassitun  cyanid  per  cubic  meter  for  one  hour  during  the  night, 
with  curtains  drawn 
tightly.  The  effect  of 
the  fumigation  was  a 
severe  curling  of  the 
leaves  and  a  burning  of 
the  youngest  leaves  (PI. 
34,  A).  No.  18  was 
fumigated  three  timesat 
two-week  intervals  with 
0.25  gm.  of  potassium 
cyanid  per  cubic  meter 
overnight.  No  injury 
resulted  from  any  of 
these.  Each  week  from 
three  to  six  plants  from 
each  set  were  taken,  and 
thdrdry  weight  was  de-  | 
tennined.  The  growth  ^^ 
curves  in  figure  7  give  ^ 
thesedata.  The  plants 
were  controlled  to  one 
growing  stem,and  at  the 
end  of  seven  weeks  had 
reached  the  top  of  the 
greenhouse.  Theplants 
were  now  limited  to  one  ^~^      'Zi^Z^^^^d^~^^ZZ^^^^  ,^^,^,r^ 

ma  box  and  nine  boxes     ?».  r.-Orowth  curves  d  three  leti  of  tomato  Dknti  M  aflFected 
to  the  set   (PI.   34,  B).  ^y  hydrocyni&add  fimiigation. 

As  it  was  decided  to  follow  the  subsequent  history  of  the  sets  by 
the  quantity  of  ripe  fruit  produced,  the  growing  point  was  cut  off 
and  all  adventitious  buds  kept  removed.  Later,  when  the  green  fruit 
had  b^[un  to  set,  a  number  of  large  leaves  from  each  plant  were  re- 
moved to  admit  more  light.  The  daily  production  of  ripe  fruit  is  shown 
in  figure  8.  Attention  should  be  called  to  the  fact  that  set  18,  fumigated 
without  injury,  produced  fruit  two  weeks  earlier  than  the  normal,'  and 
that  almost  throughout  the  experiment  both  fumigated  sets  had  a  higher 
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yield  of  fruit  than  the  noimal.  At  the  dose  of  the  experiment  the  total 
weight  of  ripe  fruit  was  less  for  the  nonnal  thanfordther  of  the  fumigated 
sets. 

It  was  thought  desirable  to  obtain  amilar  data  on  a  quidc-growing 
plant  like  lettuce.  Small  plants  were  set  into  boxes  similar  to  the  ones 
used  in  the  above  experiment  with  tomatoes,  and  divided  into  three 

sets.  No.  19  was  a 
normal  s^.  No.  20 
was  fumigated  with 
0.25  gm.  of  potassium 
cyanid  per  cubic  me- 
ter overnight,  without 
apparent  injury.  No. 
21  was  fumigated  with 
the  same  dose  for  one 
hour  in  bright  sunlight. 
This  set  was  severely 
injured,  almost  all  of 
the  mature  leaves 
being  burned.  Samples 
for  the  determination 
of  dry  wdght  were 
taken  every  three  to 
five  days  imtil  the 
plants  weref  ully  grown. 
The  data  obtained  are 
expressed  graphically 
in  figure  9.  There  ap- 
pears to  be  practically 
no  diflference  betweai 
the  normal  and  the  set 
fumigated  without  in- 
jury. The  set  which 
was  severdy  injured 
was  noticeably  retard- 

FlO.  8.-Citnrcs  ihowint  the  productkn  of  fniH  by  the  three  lets  ol    cd,  but  SOOU  recovered 
tamatopkotainfigureT.  itS  pOWCr  of  glOWthSttd 

reached  maturity  about  one  week  after  the  two  other  sets. 

From  these  results  it  appears  that  the  growth  factor  in  tomatoes 
at  least  is  stimulated  by  hydrocyanic-add  fumigation.  This  is  mani- 
fested not  only  in  total  dry  wdght  of  plants  but  in  ripe  fruit  produced 
as  well.  These  experiments  further  show  that  in  greenhouse  practice 
severe  injury  to  plants  may  be  not  so  serious  as  might  appear,  since  the 
plants,  after  a  temporary  setback,  grow  with  increasing  vigor  to  maturity. 
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EFFECT  ON  PERMEABILITY  OF  THE  LEAF 

t  work  of  the  Annstrangs  (3)  on  hormones  and  anesthetics  and 
'ect  on  permeability  in  plants,  they  distinguished  between  the 
yf  hydrogen  cyanid  and  that  of  the  typical  anesthetics.  The 
stm-bs  the  osmotic  relations  (and  hence  permeability)  and  brings 
and  their  substrates  together  more  rapidly,  while  cyanid  affects 
^ms  directly,  especially  the  ones  concerned  in  pigment  formation 
idases).  Osterhout  (16),  using  electrical  conductivity  as  a 
of  permeability,  has  demonstrated  that  both  anesthetics  and 
Q  cyanid  cause  at  first  a  decrease  in  permeability,  followed 
by  a  rapid  in-  ^ 
This  decrease 
ible  if  the  an- 
be  removed, 
mesthesia  be 
too  far,  how- 
s  followed  by 
asein  perme- 
^hich  is  irre- 
The  change 
5  to  the  other 
r  represents 
h  point  of  the 
HientheArm- 
(4)  immersed 
f  Prunus  sp. 
r,  the  leaves 

lightly  in  weight,  but  lost  sugar  to  the  solution;  if  chloroform  or 
IS  added  to  the  water,  the  leaves  gained  still  more  in  weight, 
^anid  was  used,  there  was  no  increase  in  weight;  and  the  leaves 
ugar  to  the  solution. 

bermine  whether  fumigation  with  cyanid  affects  permeability,  and 
i  direction,  the  work  of  the  Armstrongs  was  repeated  with  tomato 
The  leaf  blades  were  cut  off,  washed  in  distilled  water,  dried 
blotting  paper,  and  weighed.  They  were  then  immersed  about 
ds  their  length  in  a  measured  volume  of  the  solution  to  be  tested 
»wed  to  stand  the  specified  time.  After  dr3ring  and  weighing, 
re  exposed  freely  to  the  air  for  an  hour  and  weighed  a  third  time, 
e  removal  of  the  leaves,  the  solutions  were  tested  with  Pehling's 
for  the  approximate  amotmt  of  reducing  sugars  lost  by  the 
nder  various  treatments.  The  results  are  exhibited  in  Table  III. 
r63«-.17 — 4 


/c7  ^a 

Flo.  9.— Orowth  curvet  of  three  sett  ol  lettuce  pkate,  thowing  the 
effect  of  light  and  eevtre  fumigation  with  hydrocsmnic  add. 
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Tabls  m.^PirmMhiUiy  cf  tomato  Uavot  undor  tko  injlmnct  of  ether,  cklonfofm, 
potassium  cyanid,  and  hydrocyanic  add 


No. 

Material  ttid  txcttmcnt. 

weight. 

After  treat- 
ment. 

After  expoMire 

to  air  for  one 

boor. 

anrtcithiwato 
after  remofal  d 

Weight 

hi 
weight. 

Weight 

0^ 

weight 

kmret. 

z 

• 
3 

4 

hours. 

do 

do 

do 

▲rence 

Gm, 
O.ZM3 

.ao77 
•a755 
.143a 

Gm. 
O.X97S 

.ao74 
.a7SO 
.1476 

PtrcL 
+  a.1 

.0 

.0 

+  ••? 

Gm. 
0.Z565 

•1330 
.a3«a 

.1074 

PtreL 
-X9.0 

36.0 
x6.o 
a5.o 

Veryfoi^paltlfc. 

Do. 
Do. 
Do. 

+  i'*S 

-44.0 

Do. 

S 

6 

7 

Nonma  ksvcfl  in  cClicr  water,  iS 

...!^ 

do 

Avcnce 

.Z960 

.za78 
.a»i3 

.z87a 

.zt48 

.a7SO 

"  4-S 

-  3-1 
-S.6 

.za9a 

.0907 
.z8xo 

34-0 

jao 
37.0 

Mntpotithe. 

Do. 
Do. 

-  4.4 

34.0 

Do. 

Nonnal  iMvct  in  •  Mfadon  oontain- 

perc.  c;  18  boon. 
do 

Avcnfe , . 

S 

.a8o7 

.>«44 

.a6zo 
•  HS3 

-  70 
-8.0 

•Z530 
.Z47« 

45.0 
44-0 

Negative. 
Do. 

-  7-5 

44-0 

Do. 

Nonnal  leaf  in  dUorafofm  water.  iS 
Imifi. 

Nonnal  leaTcs  in  water,  at  heart 

do 

do 

A^entce 

lO 

•M06 

.xaoo 

-X4-7 

.0850 

-39.0 

XX.  X 

Strong  pQiitHc 

tz 

.xaio 
.aa78 

.091a 
.aaa8 

—  x.a 
+  x.o 

—  a.a 

.X07S 
.o8ao 
.axoo 

Fiidnt  potilifc 
Do. 
Do. 

-  e.8 

-  9-4 

Do. 

14 

K^fm^i  V«»^  <f>  ¥^4r  Aontaininf 

.Z708 

.07ao 
.1x48 

.i3sa 

.0500 
.0910 

— S0.0 

-30^0 
— ao.o 

Negative. 

S 

cc;  sahottTi. 
do 

.oa8o 
•0735 

61.0 
36.0 

Do. 

do 

Do. 

ATcrate 

— a4.o 

-3a.  0 

Do. 

17 

Nonnal  leaTet  in  water  cnntahring 

cc;  aa honrt. 
do 

.zixa 

.X30a 
»X543 

.0648 

.091a 
.1010 

-a3.o 

-30.0 
— 34-0 

Do. 

fA 

Do. 

Z9 

do 

.0658 

57*  0 

Do. 

ATcrate 

-a9.o 

-57.0 

Do. 

so 

tz 

Leaves  from  pknts  fomigated  one 
hour  previously  with  i.o  gin.  of 
potassium  cyamd  per  cubic  meter, 
unmerscd  in  water  aa  hoort. 

do 

.ai88 

.0700 
.xoia 

.aa77 

.0571 
.0938 

+  4-0 

-18.4 
-  8.3 

.ao6s 

S.6 

32.0 
x6.8 

Pamt  positive. 
Do. 

ta 

do 

Do. 

Avcrate 

— xco 

--18.0 

Do. 

23 

Normal  leaves  fai  water  S4  hoort 

do 

.aasj 
•Z37S 
.0831 
.0500 

•ai33 

:SJf 

-  5-3 

-  3-0 

-  x.a 
-a8.o 

Do. 

S4 

Do. 

t« 

do 

Do. 

S 

do 

Do. 

Average , 

-  9-0 

Do. 

Normal  leaves  in  water  rwitaJning 

c  c;  a4  hours. 
do 

t7 

.0793 

.xa$o 
.04x6 

.07x0 

.ZX41 
.0*77 

-xcs 

-8.7 
— 33*4 

«s 

Do. 

99 

do 

A^rentge 

Do. 

-X7.0 

Do. 

Iieavet  from  plantt  fumigated  one 
hour  previously  with  x.o  gm.  of 
potasnum  cyaiiid  per  cubic  meter 
in  water  aa  hours. 

do 

30 

3« 

51 

.I8S3 

.ZX67 
.oaaa 

.x6q3 

.zoai 
.0x58 

-X3.0 

— xa.o 
—  29.0 

Pafait  positive. 

Do. 

do 

Do. 

Average 

-X8.0 

Do. 
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ary  to  the  findings  of  the  Armstrongs,  there  was  no  gain  in  weight 
e  absorption  of  water.  There  was  always  a  loss  in  weight,  but  this 
;  marked  in  normal  leaves  than  in  fumigated  leaves,  and  when  ether 
viform,  and  more  especially  potassium  or  hydrogen  cyanid  were 
^e  loss  was  very  pronounced.  Fumigated  leaves  immersed  in 
liowed  less  effect  than  normal  leaves  in  a  solution  of  hydrocyanic 
Uthough  the  successive  decrease  and  increase  in  permeability 
by  Osterhout  could  not  be  detected  by  this  method,  the  very 
increase  in  the  case  of  the  leaves  soaked  in  a  solution  of  hydro- 
idd  no  doubt  indicates  that  the  ''irreversible  increase"  has  been 
1.  Also,  when  leaves  are  "  burned  "  in  cyanid  fumigation,  it  means 
t  "differential  septa"  have  lost  their  power  of  differentiation,  and 
t  disintegrated  and  the  tissue  is  dead. 

Kplanation  is  offered' for  the  failure  of  all  the  leaves  under  the 
e  of  cyanid  in  Table  III  to  lose  sugar  to  the  surrounding  medium. 
>uld  expect  the  reverse  from  the  fact,  first,  that  respiration  is 
lormal,  and,  hence,  sugar  is  not  used  up;  second,  that  diastases 
prevented  by  prussic  add  from  forming  more  sugar;  and  third, 
t  sugar  if  present  can  escape  into  the  surrounding  medium  more 
because  of  the  more  permeable  septa. 

EFFECT  ON  TRANSPIRATION 

ag  shown  that  hydrocyanic-add  fumigation  brings  about  an 
^  permeabiUty  in  the  leaf  septa,  the  writers  thought  it  desirable 
tain  how  this  is  related  to  the  wilting  effects  noticed  in  fumigation 

X  was  withhdd  from  a  number  of  potted  tomato  plants  until  the 
p(»nt  wBS  reached.  On  assuming  that  this  gave  all  the  pots 
he  same  water  content,  250  c.  c.  of  water  were  added  to  each  and 
1  and  soil  surface  thoroughly  parafiOned.  After  a  preliminary 
show  that  all  the  plants  transpired  at  about  the  same  rate, 
them  were  fumigated.  The  dose  and  length  of  fumigation  were 
to  produce  different  degrees  of  injury.  The  controls  were  kept 
similar  conditions  in  each  case.  After  fumigation  the  plants 
moved  to  the  greenhouse  and  wdghed  at  intervals  to  follow  the 
water  by  transpiration. 

results  are  shown  graphically  in  figure  10.  Contrary  to  what 
pected  the  fumigated  plants  in  every  case  exhibited  a  diminished 
ration.  The  more  severe  the  injury,  the  greater  was  the  wilting 
ind  the  less  was  the  transpiration.  In  addition,  stomatal  measure- 
disclosed  the  fact  that  after  fumigation,  whether  the  plants  were 
light  or  in  the  dark,  the  stomata  rapidly  dosed.  Recovery  to 
I  transpiration  required  24  to  36  hours  in  the  case  of  plants  lightly 
ited;  severdy  injured  plants,  of  course,  never  recovered. 
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The  explanation  of  this  phenomenon  is,  no  doubt,  that  the  inhibited 
photosynthetic  and  respimtory  activities,  together  with  the  increased 
permeability  of  the  cell  walls,  occasion  the  closing  of  the  stomata.  This 
reduces  stomatal  transpiration  more  or  less  completely.  Cuticular 
transpiration,  however,  can  continue  as  usual;  in  fact,  with  the  increased 
permeability  of  the  leaf  septa,  it  might  even  be  augmented  In  ord^*  to 
demonstrate  the  hypothesis,  two  groups  of  tomato  plants  were  kept  in 
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Flo.  za— Tmispiratiao  ctmrci  of  tomatoei  as  affected  by  hydrocyanic^uad 
top  to  bottom  in  order  ol  increadng  injury. 


/^OOA/ 

f  unUfation.    Arranced  from 


absolute  darkness  before,  during,  and  after  fumigation.  The  less  in 
water  under  these  conditions  represents  loss  through  the  cuticle  <rf  the 
leaves,  since  the  stomata  are  dc^ed.  The  curves  in  figure  1 1  show  that 
there  is  a  considerable  increase  in  this  phase  of  transpiration  in  the 
fumigated  plants.  Meanwhile  the  increased  permeability  has  resulted 
in  decreased  osmotic  pressure  in  the  tissues,  which  would  slacken,  or  stop 
altogether,  the  inflow  of  water  from  the  stems.    Consequently  the  water 
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ge  in  the  leaf  is  in  favor  of  the  cuticular  transpiration,  and  wilting 
If  the  disturbance  in  the  osmotic  relations  does  not  reach  the 

f  "irreversihle  increase  in  permeability"  described  by  Osterhout 

le  leaf  will  in  time  recover  its  normal  turgescence.     If  it  exceeds 

nnt,  however,  the  leaf  is  ''burned"  and  dies,  as  was  discussed 

mder  permeability. 

rder  to  demonstrate  in  another  way  that  the  septa  of  injured 

tre  made  equally  penneable  to  solutes  and  to  solvent,  or,  in  other 

are  "permeable"  instead  of  "semipermeable,"  the  experiment 

m!  of  forcing  water  into  wilted  plants  to  cause  them  to  recover 

irgidity  (17,  p.  232).    A  plant  was  cut  off  at  the  base  and  the 

aled  into  one  arm  of  a  U-tube.    This  arm  was  filled  with  water 

:  other  with  mercury.     Normal 

plants  so  wilted  that  they  had 

mpletdy  over  were  forced  into 

g;ht  turgid  condition  by  i2  cm. 

ury  within  i  o  minutes.    Plants 

iy  hydrocyanic  add,  however, 

t   respond   to  the  treatment. 

»  injured  leaf  blades  would 

eoover,  and  the  petioles  com- 
the    more    severely   injured 

i¥Ould  remain  limp  and  grad- 

irl  and  shrivel,  and  the  "burned"  petioles  also  would  fail  to 

even  slightiy  to  the  pressure. 

CONCLUSIONS 

the  data  presented  it  may  be  stated  that  plants  subjected  to 
ranic-add  fumigation  absorb  more  or  less  of  the  gas;  that  the 
ate  effect  of  the  presence  of  this  poison  is  a  reduction  in  the 

of  the  oxidases  and  catalase,  and,  hence,  in  respiratory  activity, 
ig  from  this  is  an  inhibition  of  photosynthesis  and  translocation 
Dhydrate,  and  a  dosing  of  the  stomata.  Another  result  is  an 
I  in  the  permeability  of  the  leaf  septa,  which  causds  less  rapid 
rf  water  from  the  stems  and  more  rapid  cuticular  transpiration. 
s  of  mild  fumigation  this  results  in  merdy  a  temporary  wilting; 
i  severe  fumigations  the  wilting  is  followed  by  disintegration  and 
)f  the  tissues.  This  increased  permeability  is  no  doubt  due  to 
uced  respiratory  activity.  Budgett  (5)  has  shown  that  changes 
)ermeability  in  protozoa  treated  with  cyanid  are  similar  to  those 
id  by  lack  of  oxygen.  Within  a  few  hours  after  fumigation  the 
1  activity  has  returned  to  normal,  while  the  catalase  and  the 
:ory  activities  have  exceeded  the  normal.  By  this  time  the 
y  of  photosynthetic  action  is  first  apparent;  complete  recovery, 
^,  of  this  and  of  translocation  of  food  material  is  not  attained 
from  two  to  three  da}^.     Respiration  remains  above  normal  for 


AfOOA/ 


Flo.  zz.~*Ciirves  ghowing  the  cuticuhr  tran- 
spiratioa  ol  fumigated  and  ol  normal  tomato 
plants. 


Digitized  by 


Google 


336  Journal  of  Agricultural  Research  vol 

several  da}rs.  If  the  increase  in  permeability  is  not  so  severe  as  t 
the  death  of  the  tissues,  recovery  is  followed  in  many  cases  by 
of  growth  and  of  fruit  production  (in  the  tomato)  in  excess  of  the  i 
Hence,  in  greenhouse  practice  it  is  unwise  to  condemn  injured 
too  quickly.  The  stimulation  of  growth  may  be  due  to  at  1« 
factors — ^namely,  to  the  increased  activity  of  the  catalase  which 
(26)  found  to  be  proportional  to  general  metabolic  activity  in  a 
and  to  the  increased  permeability  of  the  cell  walls,  allowing 
exchange  of  food  materials  and  of  gases.  It  is  very  improbable  t 
extra  nitrogen  of  the  cyanid  has  anything  to  do  with  increased  nu 
as  is  suggested  by  Woodworth  (25)  in  the  case  of  scale  insect  eggi 
In  short,  then,  the  primary  effect  of  the  presence  of  bydrocyai 
in  a  plant  is  a  disturbance  of  the  oxidase  and  catalase  activiti< 
other  ph3rsiological  effects  appear  to  be  secondary  to  these. 
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PLATE  34 

L. — ^Tomato  plants  in  the  greenhouse  at  beginning  of  gionv 
curling  of  leaves  in  set  17. 
I, — ^Tomato  plants  when  in  fruit,  showing  the  method  of  hai 
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CT  OF  PUMPING  FROM  A  SHALLOW  WELL  ON 
THE  GROUND-WATER  TABLE* 

By  Waltbr  W.  Wbir, 
it  Profemof  of  Soil  Technology,  Catifomia  Agricultural  Experiment  Station 

INTRODUCTION 

ny  of  the  irrigated  sections  of  California,  the  ground-water  table 
led  a  point  so  near  the  surface  that  drainage  is  required.  The 
ithods  of  tile  or  underdrainage  have  in  some  instances  proved 
e,  especially  where  gravity  outlets  are  not  readily  available, 
sible  means  of  deducing  the  cost  of  drainage  the  suggestion  has 
le  that  equally  satisfactory  results  might  be  secured  by  pump- 

a  shallow  well  into  which  the  water  from  the  surrounding  area 
ved  to  seep  without  the  use  of  tile.  If  adequate  drainage  could 
^  by  this  method,  it  would  be  especially  applicable  in  those 
where  pumping  is  necessary  to  secure  an  outlet  for  tile  drains 
re  the  drainage  water  thus  developed  is  needed  for  irrigation  or 
iamation. 

er  to  obtain  more  definite  information  on  the  effect  of  pumping 
hallow  well  on  the  ground-water  table  and  its  relation  to  the 

of  irrigated  lands,  the  experiment  described  in  the  following 

s  undertaken  at  the  Kearney  Park  Experiment  Station,  Kearney 

lifomia. 

SOIL 

be  for  the  pumping  plant  was  chosen  because  it  represented  soil 
ure  conditions  t3rpical  of  a  large  area  about  Fresno.  The  land 
sides  of  the  pumping  plant  was  farmed  and  irrigated  according 
sual  practices  in  that  vicinity,  while  on  the  fourth  side  it  was 
ensively  cultivated  and  less  frequently  irrigated,  owing  to  the 
mtal  nature  of  the  work  carried  on. 

ill  is  mapped  by  the  Bureau  of  Soils  '  as  the  Madera  fine  sandy 
d  is  of  fairly  uniform  texture  from  the  surface  to  a  depth  of 
The  excavation  for  the  sump  was  made  in  December,  191 3,  this 
e  month  when  the  water  table  is  lowest.  The  soil  was  dry  on 
Lce,  but  quite  wet  at  7  feet  in  depth.  At  from  7  to  8  feet  a  layer 
h-colored  hardpan  was  encountered,  which,  however,  was  seamy 

1  work  done  tmder  a  ooopentive  agreement  between  the  Office  oC  PubHc  Roads  and'  Rural 
;.  United  States  Department  ol  Agriculture,  and  the  Uniremity  ol  California  Agricultural 
Stetion. 

w,  A.  T.,  NBI30K.  J.  W..  H0UIV8, 1,.  C.  and  Bcdcann.  B.  C.  soil  survky  of  thb  vrbsno 
xmKiA,  in  U.  S.  Dept.  Agr.  Bur.  Soak  Field  Oper.  igia,  [z4th  Rpt.].  p.  M89-az66.  fig.  56 
(col.).    X915. 

Lcricnkural  Rescarcfa,  Vol.  XI .  No.  7 
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and  easily  excavated.  Below  the  hardpan  was  fotind  a  layer  of  coarse 
sand  I  foot  in  thickness,  which  contained  water.  Prom  9  to  12K  ^^^t  a 
very  dense,  brown,  iron-cemented  hardpan  was  fomid,  which,  although 
somewhat  seamy,  was  excavated  with  difficulty  on  account  of  the  water. 
Prom  12K  to  13X  f^t  a  second  layer  of  coarse  water-bearing  sand  was 
found.  At  13K  feet  a  third  layer  of  hardpan  was  encountered,  but  its 
nature  and  thickness  were  not  determined.  Later  a  4-inch  hole  was 
bored  through  this  hardpan  to  the  loose  material  below. 

METHOD  OF  PROCEDURE 

The  sump,  which  was  approximately  6  feet  square  and  13K  feet  deep, 
was  cribbed  with  3  by  6  inch  redwood  lumber  and  a  yi-ixida.  space  was 


^C5= 


Pio.  x.—Pkn  showinf  location  of  irrigatkm  canals  and  test  wcUs  with  rdcrcnoe  to  tlie  inanpini  pbat 

left  between  planks  so  that  the  lateral  movement  of  the  water  would  not 
be  retarded. 

The  pumping  equipment  consisted  of  a  3-inch  centrifugal  pump  of  the 
vertical  type,  having  the  suction  about  13  feet  below  the  surface,  and 
operated  by  a  5-horsepower  belt-connected  motor  controlled  by  an 
automatic  float  switch. 

Test  wells  of  3-inch  galvanized-iion  pipe,  8  feet  deep,  were  located 
along  lines  extending  in  the  four  cardinal  directions  from  the  pump. 
The  first  wells  were  100  feet,  the  second  300  feet,  and  the  third  600  feet 
distant  from  the  pump.  On  the  diagonals  wells  were  placed  300  feet 
from  the  pump,  thus  making  eight  weUs  on  a  radius  of  300  feet  and  four 
at  each  of  the  other  distances.    One  test  well  was  located  just  outside 
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»  honse  and  can  be  considered  as  being  zero  distance  from  the 
ater,  four  more  test  wells  were  located  50  feet  from  the  pump, 
ons  on  these  last  four  wells  (No.  18,  19,  20,  and  21)  were  not 
as  these  wells  were  not  cased  and  did  not  remain  open  during 
i  season.  Figure  i  shows  the  location  of  the  test  wells  with 
to  the  pump  and  irrigation  ditches,  and  the  cultural  features 
inity. 

:h,  1914,  observations  were  begun  by  noting  the  depth  to  water 
ious  test  wells  at  intervals  of  a  wedc.     In  April  the  pump  was 


1 


d-wRter  curves  for  19x4  and  19x5  (wells  x,  a,  and  3). 

I  operation  only  a  short  time.  On  three  or  four 
igation  season  the  pump  was  run  for  a  day  or 
ur's  pumping  the  water  would  be  entirely  removed 
pump  would  stop  for  two  or  three  minutes  while 
Oiled  to  a  height  sufficient  to  start  the  motor, 
nly  two  or  three  minutes  were  required  to  empty 
gallons  were  discharged  during  each  pumping 


Digitized  by 


Google 


342 


Journal  of  AgricuUural  Research 


voi.x1.Na7 


It  was  soon  found  that  an  intennittent  flow  of  sodi  a  small  quantity 
of  water  was  not  sufficient  to  irrigate  economically  even  the  small  demon- 
stration plots  of  the  Experiment  Station;  and,  as  no  other  provision  was 
made  for  diqx>sing  of  the  discharge,  very  little  pumping  was  done  dur- 
ing the  year.  Observations  were  continued  with  reasonable  r^^ularity 
on  the  various  test  wells,  the  profiles  of  which  are  shown  in  figures  2  to 
7.  The  pump  was  in  operation  for  so  short  a  time  and  the  amount  of 
water  pumped  was  so  small  that  there  was  no  appreciable  effect  on  the 
grotmd-water  table,  even  in  the  immediate  neighborhood  (rf  the  pump- 

Table  I. — Daily  pump  dischargt  {in  gallons)  from  April  to  August ^  191  S^  at  Kearney 

Park  Experiment  Station 


D«y. 


AsiriL 


May. 


June. 


Jtthr. 


9. 
10. 


13- 
14- 

\i. 

18. 
19. 
ao. 

31. 

33. 
23- 
24. 
25- 
26. 

27- 

38. 
39. 
30. 
31- 


Total. 


Total      for 


113,000 
103,300 
103,300 
104,000 
100,  aoo 
98*500 
loi,  700 
101, 700 
«  81, 000 
loi,  700 
104,000 
101,000 
loi,  700 
100,000 
zoi,  000 

XO3,80O 

103, 400 

X3I,  800 

197,000 

300,000 
164,  aoo 
z6i,8oo 
158, 600 
144,500 
156,300 
€74,000 
138, 500 
137,800 


:as,6oo 
:a5,ooo 
[ao,8oo 
[aa,  700 
[33, 700 
c35,6oo 
[ao,8oo 
^39, 600 
[38,800 
[38,800 
t30,ooo 

[34,  300 
[33,  700 
^39,  600 
[38,800 
[38,  100 

:3S,6oo 
[28,800 
135,  500 
138,800 
:38,8oo 
[38,800 
c30,ooo 
^32,  500 
[38,800 

i43iO«>o 
139,300 

--  300 


t33, 
C43, 
[40, 
[40, 


000 

800 
800 


145,800 
145,800 
143,000 
132,400 
( 

(6* 

(6* 

(6* 

(6^ 

(6j 

132,300 

(  ) 
(d) 

(d) 

(d) 

(d) 

h 
b 

h 

h 


3, 376, 800 


4,013,600 


903,100 


3,119,500 


i,550,3« 


12,791,300 


«  Pump  not  ranning. 

ft  Belt  broken. 

«Pump  in  operation  only  a  portion  of  the  day. 


<  Motor  disabled. 

'  Pumping  discontinued. 
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The  profiles  showing  the  water-table  cunres  for  1914,  therefore,  repre- 
sent very  nearly  normal  conditions  as  they  would  have  been  had  no  pump- 
ing been  done. 

During  1 91 5  much  more  complete  data  were  obtained.  The  observa- 
tion wells  were  measured  weekly  from  the  beginning  of  the  irrigation 
season  in  March  until  they  were  all  dry  in  September.  The  pump  was 
run  continuously,  and  daily  records  were  made  of  the  discharge  from 
April  3  to  August  21,  except  during  about  three  weeks  in  Jtme,  when 


V 


^ 


Pio.  3.— Gfound-wRter  curves  for  19x4  and  19x5  (welb  4»  5>  and  6). 

the  pump  was  dismantled  for  repairs.  The  weekly  well  readings  for 
191 5  are  plotted  with  those  for  the  previous  year  in  figures  2  to  8,  and 
the  daily  pump  discharge  is  shown  in  Table  I.  The  data  obtained  dur- 
ing 1915  have  been  plotted  separately  for  each  month  in  figures  9  to  15, 
^ustve,  showing  the  slope  of  the  ground  water  along  the  different  lines 
Passing  through  the  sump. 
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INTERPRETATION  OF  RESULTS 

Observations  taken  at  other  places  in  the  vicinity  of  Fresno  covering 
a  period  of  several  years  show  that  the  ground  water  normally  reaches 
its  highest  point  during  June.  The  rise  up  to  this  date  is  somewhat  irreg- 
ular, owing  to  irrigation  and  a  somewhat  fluctuating  flow  in  the  irrigation 
canals.  The  decline  in  the  water-table  curve  after  June  is  more  regular 
and  continuous  until  after  the  rainy  season  is  well  advanced  in  January 
or  February.    This  condition  is  not  so  marked  in  the  data  shown  in 


I' 

2 


fio.  4.~Groimd-wRter  curves  for  19x4  and  19x5  (weUs  7>  &•  uid  9). 

figures  2  to  8  as  it  probably  would  have  been  if  the  area  covered  by 
these  observations  had  been  larger.  Local  irrigations  and  variations 
in  flow  in  the  canals  near  by  are  responsible  for  the  sudden  rises  and 
falls  in  the  curves  shown. 

On  April  3,  191 5,  when  the  pump  was  started,  the  w^ter  table  aver- 
aged slightly  lower  than  on  the  corresponding  date  in  1914.    The  pump- 
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ing  for  the  first  few  da3rs  apparently  affected  the  water  table  over  the 
entire  area,  but  showed  a  more  marked  effect  in  the  wells  nearest  the 
pomp.  An  irrigation  late  in  April  caused  a  sudden  rise  in  the  water 
table,  which,  however,  had  resumed  a  stable  condition  by  May  5. 
Although  the  pump  was  in  continuous  operation  during  May,  the  water 
table  maintained  a  rather  constant  level.  In  those  wells  which  were 
100  feet  from  the  sump  the  water  was  about  i  foot  lower  during  May, 
1915,  than  during  the  same  month  in  1914.  In  the  wells  at  a  greater 
distance  than  100  feet  the  difference  is  very  slight. 


I 

i5 


Pio.  5.— Ground-water  curves  for  19x4  and  19x5  (wells  xo,  xx,  and  xa). 

During  the  week  preceding  and  the  week  following  the  first  of  June, 
19151  there  was  a  perceptible  rise  in  the  water  table  over  the  entire 
^Ka.  It  is  apparent  that  this  rise  was  well  advanced  before  the  pump 
stopped  on  June  4.  Although  the  pump  was  in  operation  but  one  day 
between  June  4  and  June  28,  there  was  no  further  rise  in  the  water 
table  until  near  the  end  of  this  period;  in  fact,  there  was  a  slight  lower- 
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ing  about  the  middle  of  the  month.  The  rise  recorded  at  the  end  of 
Jmie  was  apparently  checked  in  the  wells  nearest  the  pmnp,  but  did 
not  reach  the  maximum  in  those  farther  away  until  the  end  of  the  first 
week  in  July.  An  irrigation  in  July  caused  a  sudden  rise  followed  by 
a  decline  which  by  August  lo  had  reached  a  point  sis  low  as  any  during 
the  season.  The  stopping  of  the  pump  from  August  i  to  August  4  did 
not  check  the  receding  water  table.  During  June,  191 5,  when  the 
ptunp  was  not  in  operation,  the  water  table  averaged  lower  than  during 


^ 

I' 


Fio.  6.— Oroaad-wmtcr  cmres  for  19x4  ^oatd  19x5  (wellt  zj,  14,  md  15). 

June,  1914,  while  in  July  after  the  pumping  was  resumed,  the  water 
table  averaged  higher  than  during  the  same  month  of  the  preceding 
year.  Well  4,  which  was  very  near  the  pump,  was  affected  more  than 
any  of  the  others  by  variations  in  the  pumping.  After  August  10  the 
curves  for  the  two  years  coincide  quite  closely. 

Figure  9  shows  the  water  table  for  March,  1915,  on  four  lines  through 
the  sump.    The  ptunp  was  not  yet  started,  and  the  water  table  was 
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ly  stationary,  the  curve  being  nearly  a  straight  line  having  a 
m  north  to  south.  Well  15  on  the  east- west  line  shows  the 
nrater  being  turned  into  the  irrigation  canal. 

10  shows  the  effect  of  pumping  on  the  east-west  line  as  far 
et  from  the  sump,  while  on  the  north-south  line  the  effect  is 
ht  beyond  100  feet.    This  is  particularly  true  south  of  the 

1 1  shows  that  during  May,  the  month  of  maximum  pumping, 
the  water  table  has  a  gradual  slope  from  the  north  and  east 


Fio.  7.— Ground-wRter  curves  for  19x4  and  19x5  (wells  x6, 17,  and  x8). 

be  pump,  it  is  approximately  parallel  to  the  ground  surface, 
ip  apparently  had  no  effect  on  the  slope  of  the  water  table 
00  feet.  During  this  month  the  wells  at  50  feet  distant  from 
3  were  measured,  which,  no  doubt,  gives  more  accurate  curves 
points. 

;  June  the  pump  was  in  operation  but  a  short  time,  and  figure 
ites  that  the  water  table  was  approximately  parallel  to  but 
feet  higher  than  that  during  March.  It  will  be  noted  from 
a3«— 17 5 
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Pio.  xo.'— Profile  of  wmter  table  during  April.  19x5. 
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FiO.  IS.— Profile  of  water  table  for  September,  19x5. 
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lower  than  that  of  March.  After  September  13  the  water  was  every- 
where more  than  7  feet  from  the  surface  and  could  no  longer  be  measured. 

Figure  16  shows  in  composite  form  the  same  results  as  are  shown  in 
figures  2  to  8,  each  curve  being  a  composite  of  the  four  well  readings  at 
the  given  distance  from  the  piunp.  The  wells  on  the  diagonal  at  300 
feet  distant  from  the  pump  are  omitted  from  this  diagram. 

During  May  the  average  daily  discharge  from  the  pump  was  about 
0.20  cubic  feet  per  second,  or  slightly  under  130,000  gallons  per  24-hottr 
day.  This  is  sufficient  to  cover  i  acre  3K  inches  deep  every  24  hours 
and  without  storage  facilities  is  too  small  an  amount  for  practical  £arm 
irrigatioiL 


£U^ 


f^^tnwrt  grvy^ifi^nftgaL, 


J±£t£L£:S£ML£aJiMSIAJa:MS.^i£S!££Sgl^ 


^yp 


Fio.  x6.— Cooiposite  curve  showing  wmter  table  from  Mardi  to  September,  19x5,  induthre,  at  different 

distances  from  the  pump. 

CONCLUSIONS 

The  results  of  this  experiment  lead  to  the  conclusion  that  under  soil, 
irrigation,  and  farming  conditions  such  as  are  found  on  the  Kearney 
Park  Experiment  Station  tract,  pumping  from  a  shallow  well  does  not 
lower  the  ground-water  table  sufficiently  to  afford  drainage  to  any 
considerable  area.  In  this  experiment,  although  the  water  table  in 
the  sump  was  maintained  at  a  depth  of  about  12  feet  below  the  ground 
surface  and  5  to  7  feet  below  the  normal  groimd  water,  the  effect  of  the 
pumping  was  not  appreciable  beyond  100  feet  from  the  pump.  Except 
within  a  very  short  distance  from  the  pump,  the  groimd  water  rose  to  a 
point  as  near  the  groimd  surface  in  191 5  while  the  pump  was  in  opera- 
tion as  it  did  in  19 14,  when  no  pumping  was  done.  Seasonal  variations 
are  great  enough  to  account  for  any  differences  observed. 

Contrary  to  the  results  obtained  here,  it  has  been  found  that  the 
water  table  can  be  materially  lowered  by  the  use  of  tile  drains  for  greater 
distances  away  from  the  drain  than  is  shown  in  this  experiment.  On 
the  Kearney  Vineyard  Experimental  Drain,*  only  2  miles  away,  it  was 

1  WBIR.  W.  W.     PKBUmNARY  REPORT  ON  K8ARNBY  VmBYARD  BXPSKIMBNTAI.  DRAXN,  FR8SN0  COUMTV* 

Caufornza.    Cal.  Agr.  Bxp.  SU.  Bui.  373,  p.  101-123,  xz  fis.    19x6. 
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possible  to  keep  the  water  table  more  than  2  feet  lower  at  a  distance  of 
160  feet  from  the  drain  than  on  surrounding  untiled  areas.  This  con- 
dition was  obtained  with  the  tile  at  a  depth  of  less  than  6  feet.  On 
both  the  Dore  tract^  and  the  Toft-Hansen  tract',  about  6  miles  from  the 
Kearney  Park  experiment,  the  tile  drainage  systems  had  a  noticeable 
e£fect  on  the  ground-water  table  a  mile  away,  although  the  tile  were 
less  than  5  feet  deep  on  the  Dore  tract  and  only  3  feet  deep  on  the  Toft- 
Hansen  tract.  All  of  these  drainage  systems  discharge  into  sumps  from 
which  the  water  is  raised  by  means  of  pumps. 

The  fact  that  tile  drains  have  proved  more  efficient  than  pumping 
from  a  well  in  lowering  the  ground-water  table  is  due,  no  doubt,  to  the 
much  larger  area  reached  by  the  tile.  No  part  of  the  160  acres  in  the 
Kearney  Vineyard  Experimental  Drain  is  more  than  160  feet  from  a 
tile  line,  the  Dore  tract  of  40  acres  contains  nearly  4,500  feet  of  tile, 
and  there  are  5,600  feet  of  tile  on  the  20-acre  Toft-Hansen  tract.  Thus, 
with  such  a  system  any  lateral  movement  of  water  is  more  readily 
intercepted,  and  any  vertical  pressure  is  relieved  at  more  points  than  is 
possible  where  tile  is  not  used,  even  though  the  water  table  is  main- 
tained at  a  greater  depth  in  the  well  than  is  done  by  the  tile  lines.  It 
would  appear,  therefore^  from  the  results  of  these  experiments  that, 
although  it  has  been  proved  feasible  to  reclaim  water-logged  land  by 
means  of  tile  drains,  it  would  not  be  practicable  to  locate  wells  and 
pamping  plants  similar  to  the  one  described  in  this  paper  dose  enough 
together  to  lower  the  water  table  over  any  considerable  area  or  develop 
enough  water  for  practical  farm  irrigation  without  storage. 

It  is  doubtful  if  the  results  of  this*  experiment  would  have  been  mate- 
rially different  had  it  been  located  on  the  more  poorly  drained  areas. 
Much  the  largest  part  of  such  areas  about  Fresno  consists  of  soils  mapped 
as  belonging  to  the  Fresno  series.  These  soils  contain  hardpan  layers 
nearer  the  surface,  and  the  lateral  movement  of  water  is  not  so  rapid  as 
through  soils  of  the  Madera  series  such  as  are  f  otmd  on  the  experiment 
station  tract. 

In  order  to  obtain  the  information  given  here,  it  was  necessary  to 
equip  and  operate  a  pumping  plant  for  two  year^.  The  ptunp  equip- 
ment, including  sump,  pump,  motor,  housing,  power  transmission,  and 
discharge  line,  cost  approximately  $625.  The  power  for  the  period  cov- 
ered by  the  experiment  cost  about  $200,  making  a  total  of  $825.  There 
were  some  expenses  incurred  in  installing  test  wells  and  making  special 
investigations  which  would  not  be  necessary  under  field  conditions,  and 
these  have  not  been  included  in  the  total  mentioned. 

^FoftHKt,  Samud,  and  Cons,  V.  M.  drainaos  ot  irrigated  i,ands  in  ths  ban  joaquin  vauay, 
Cautouoa.    U.  S.  Dept.  A^r.  Office  Exp.  Stas.  Bui.  217.  58  p..  8  fig.  a  pi.  (maps).     1909. 

'MacKI8,W.  W.    reclamation  or  WHtm-ASH  I,AN1>S  AVVSCTSD  with  AXiKAU  AT  VRSSNO,  CAUfOSNIA. 

U-  S.  Dciit  Agr.  Bisr.  Soils  B11L  49*  47  P<.  a  £«•    1907. 
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REACTIONS  OF  THE  PHOSPHORUS  OF  THE  THICK- 
ENED ROOT  OF  THE  FLAT  TURNIP* 

By  Bust  L.  Hastwbia,  Director,  Agronomist,  and  Chemist;  P.  S.  Hammett,  fomi- 
txiy  Assistant  Chemist;  and  P.  H.  Wessbls,  Associate  Chemist,  AgricuUural  Expert- 
meni  Station  of  the  Rhode  Island  State  College 

INTRODUCTION 

In  earlier  publications  of  the  Rhode  Island  Agricultural  Experiment 
Station  (4,  7) '  it  was  shown  that  the  percentage  of  total  phosphorus 
in  flat-turnip  roots  {Brassica  rapa  L.)  grown  in  different  soils  generally 
varied  in  the  same  direction  as  the  variation  in  the  amount  of  phos- 
phorus which  was  available  to  the  plant.  The  work  herein  recorded  repre- 
sents a  study  of  the  reactions,  to  various  reagents  and  treatments,  of 
different  portions  of  the  phosphorus  in  turnip  roots,  mainly  for  the 
purpose  of  ascertaining  whether  the  variation  in  the  percentage  of 
phosphorus  in  roots  from  different  soils  is  limited  to  certain  of  the  groups 
d  phosphorus  compounds  or  is  distributed  proportionately  among 
them  alL  This  information  was  expected  to  throw  light  upon  the  ques« 
tion  as  to  whether  a  determination  of  the  total  amount  of  phosphorus, 
or  the  amount  in  some  particular  group  of  phosphorus  compounds, 
would  be  most  useful  in  attempting  to  ascertain  whether  or  not  there 
existed  sufiSdent  phosphorus  at  the  disposal  of  the  plant. 

ANALYSIS  OF  DRIED  TURNIPS 

To  secure  preliminary  indications,  the  following  work  was  done  in 
1907  with  samples  of  turnips  from  different  localities  where  there  were 
found  by  soil  tests  to  be  wide  differences  in  the  amount  of  available 
phosphorus. 

Dried  turnips  which  had  been  ground  to  particles  less  than  i  mm.  in 
diameter  were  first  extracted  with  ether  in  a  6oxhlet  apparatus.  As 
scarcely  more  than  traces  of  phosphorus  proved  to  be  soluble  in  this 
solvent,  the  ether  was  removed,  and  the  extraction  continued  with  95 
per  cent  alcohol.    These  two  extracts  were  united  and  evaporated  and 

^  Contribtitioa  No.  sjs  from  the  Rhode  Island  Agricultural  Experiment  Station. 
'  Reference  b  made  by  number  to '*  Literatuie  dted,"  p.  370. 
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the  phosphorus  determined  after  ignition  with  magnesitun  nitrate,  as  has 
usually  been  done  in  connection  .with  determining  total  phosphorus. 
The  residue  from  the  ether-alcohol  extraction  was  treated  successively  at 
room  temperature  with  five  portions  of  0.2  per  cent  hydrochloric  add. 
Each  portion  was  allowed  to  stand  at  least  24  hours,  with  frequent 
stirring.  In  this  extract  was  determined,  in  separate  aliquots,  the 
total  phosphorus,  that  which  was  precipitated  directly  by  molybdenum 
mixture  according  to  the  method  used  by  Hart  and  Andrews  (2)  for 
determining  "inorganic"  phosphorus,  as  well  as  that  precipitated  by 
alcohol.  The  amount  of  phosphorus  in  the  residue  from  the  extractions 
was  likewise  determined.    The  results  are  given  in  Table  I. 

Tablb  I. — Percentage  of  phosphorus  pentoxid  in  dry  flat  turnips 
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From  soil  unmanured  with  phosphorus 
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uble phosphate 

From  the  same  soil  manured  with  bone 

From  soil  containing  very  little  available 
phosphorus 
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available  phosphorus 
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.27 

.60 

1. 14 


13 
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16 
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7 
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21 
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100 

100 
100 

100 

100 

100 


It  may  be  noticed,  in  case  of  the  hydrochloric-acid  extract  of  the 
turnips  referred  to,  that  larger  proportions  of  phosphorus  precipitated 
directly  by  molybdenum  mixture  are  exhibited  in  the  third  column  of 
the  table  (73  and  66  per  cent)  than  in  the  others.  These  samples  were 
grown  in  soils  well  supplied  with  available  phosphorus,  and  the  suggestion 
was  thus  received  that  possibly  a  plentiful  amotmt  of  available  phos- 
phorus in  the  soil  results  in  an  increased  proportion  of  that  part  of  the 
phosphorus  which  has  sometimes  been  classed  as  inorganic.  The  work 
of  Koch  and  Reed  (9),  which  included  the  growing  of  Aspergillus  niger  in 
nutrient  solutions  containing  a  very  small  as  well  as  increasing  amounts 
of  phosphorus,  was  published  at  the  time  the  preliminary  work  was  going 
on  and  was  of  interest  in  the  same  coxmection.  They  foimd  that  the 
ratio  of  the  protein  phosphorus  to  the  water-soluble  or  extractive  phos- 
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phoras  in  the  plant  was  100  to  17  when  the  minimum  amomit  of  phos- 
phorus was  supplied  and  about  100  to  300  when  there  was  a  liberal 
amount.  On  account  of  the  indications  that  possibly  an  increased  per- 
centage of  phosphorus  in  the  turnip  root  may  be  due  in  a  considerable 
degree  to  an  accumulation  of  inorganic  phosphorus,  attention  was  turned 
principally  to  the  aqueous  extractive  portion  rather  than  to  the  lipoid  and 
residual  portions,  which  constitute  only  minor  parts  of  the  phosphorus 
of  the  turnip  roots. 

It  is  shown  by  the  following  work  that  a  more  complete  aqueous  extrac- 
tion of  phosphorus  can  be  made  of  the  fresh  pulp  than  of  the  dried  turnip : 
300-gm.  lots  from  the  same  turnips  were  in  two  cases  dried  in  slices  at 
about  60°  C,  finely  groimd,  and  then  digested  for  36  hours,  one  with 
800  gm.  of  distilled  water  and  the  other  with  0.2  per  cent  hydrochloric 
add;  and  in  another  case  the  undried  pulp  was  digested  similarly  for  36 
hours  with  about  475  gm.  of  distilled  water,  which  with  that  in  the  tur- 
nips equaled  the  amount  used  to  extract  the  dried  turnips.  The  amotmt 
of  extracted  phosphorus  pentoxid,  in  grams  per  100  of  dry  turnip,  was, 
with  water,  0.561  from  the  fresh  pulp  and  0.500  from  the  dried  material; 
whereas  it  was  only  0.414  when  the  hydrochloric  acid  was  used  as  a  solvent 
with  the  dried  material. 

To  avoid  the  changes  which  apparently  take  place  during  the  drying 
of  turnips,  attention  was  next  turned  to  a  study  of  fresh  turnips,  including 
some  of  the  transformations  which  occur  in  connection  with  the  living 
cells. 

MICROCHEMICAL  EXAMINATIONS 

A  number  of  similar  turnips  which  had  been  grown  in  soil  in  the  green- 
house imtil  the  thickened  roots  were  i  to  2  inches  in  diameter  were  trans- 
fenred  to  a  nutrient  solution  in  bottles.  After  the  turnips  had  become 
adjusted  to  the  new  conditions  some  of  them  were  deprived  of  phos- 
phorus in  the  nutrient  solution.  Six  da)rs  later  it  was  foimd  upon  exami- 
nation of  one  of  these  for  phosphorus  with  a  modified  magnesium  mixture 
containing  only  a  small  amount  of  ammonium  hydroxid  that  practically 
no  crystals  of  ammonium  magnesium  phosphate  existed  in  microscopic 
sections,  whereas  similar  turnips  from  which  the  phosphorus  had  not  been 
withheld  contained  an  abimdance  of  them.  An  examination  of  the  cul- 
ture solution  to  which  no  phosphorus  had  been  added  showed  that  the 
phosphorus  originally  precipitable  by  the  magnesium  mixture  had  not 
passed  out  into  the  solution;  therefore  it  probably  had  been  used  in  the 
nutrition  of  the  plant. 

Some  of  the  turnips  which  had  been  deprived  of  phosphorus  were  next 
supplied  with  liberal  amotmts  in  the  nutrient  solution,  so  that  from  time 
to  time  one  of  them  might  be  examined  for  evidences  of  phosphorus 
absorption.  Within  24  hours  after  phosphorus  had  been  added  in  the 
^tiient  solution  cr3rstals  of  ammonium  magnesium  phosphate  were 
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readily  formed  upon  adding  magnesium  mixture  to  certain  pafts  of  the 
tissues.^ 

Repeated  examinSitions  for  the  relative  abundance  and  for  the  first 
appearance  of  the  crystals  showed  that  they  decreased  in  the  order  of 
the  following  locations:  Taproot;  bundles,  and  surrounding  tissues  near 
where  the  taproot  merges  into  the  thickened  root;  inside  the  cambium 
in  the  more  active  xylem  tubes  and  surrounding  parench3rma; -outside 
of  the  cambium  layer  in  the  cortex;  medullary  ra3rs,  decreasing  inward; 
and,  finally,  only  traces  in  the  pith  and  leaf  petioles,  from  which  it  dis- 
appeared first  upon  again  withholding  phosphorus  from  the  nutrient 
solution.  The  turnips  which  received  maximum  phosphorus  nutrition 
increased  to  from  3  to  4  inches  in  diameter  while  growing  in  the  solution. 

It  was  noticed,  while  following  the  progressive  decrease  and  increase 
of  phosphorus  directly  predpitable  by  magnesium  mixture  that  there  was 
the  opposite  condition  concerning  the  amount  of  starch.  Simultaneous 
with  an  increase  in  the  absorption  of  phosphorus  it  was  observed  that  the 
leucoplasts  containing  the  compound  starch  grains  shrunk  in  size  as  the 
starch  grains  were  corroded  and  dissolved,  until  finally  when  the  maximum 
amount  of  phosphorus  had  been  introduced  into  the  nutrient  solution, 
starch  had  practically  all  disappeared  from  the  root  tissues  only  to  re- 
appear  when  phosphorus  was  again  withdrawn  from  the  nutrient  solution. 

Similar  observations  have  been  made  at  this  station  (5)  concerning 
starch,  especially  in  potato  vines  growing  with  widely  differing  amounts 
of  various  nutrients,  and  it  seems  probable  that  a  retardation  in  growth 
and  in  consequent  carbohydrate  requirement,  owing  to  suboptimum 
nutrient  conditions,  tends  toward  an  increased  deposition  of  starch, 
although  it  is  possible  that  the  nutrients  may  serve  as  activators  d 
amylases. 

Examinations  for  predpitable  phosphorus  in  the  tissues  of  turnips 
grown  under  natural  conditions  in  soil  containing  varying  amotmts  of 
available  phosphorus  have  been  recorded  previously  (6).  They  furnished 
indications  that  the  extent  to  which  crystals  were  produced  in  the 
tissues  upon  treatment  with  magnesium  mixture  varied  to  a  certain 
extent  with  the  amount  of  available  soil  phosphorus. 

Owing  to  the  fact  that  the  greater  part  of  the  phosphorus  in  turnips 
exists  in  the  cell  sap,  the  principal  work  now  to  be  recorded  deals  with 
the  soluble  phosphorus.  Some  observations  based  upon  the  preliminary 
work  have  been  made  already  in  another  connection  (8). 

1  The  principal  features  6L  Uie  anatomical  structure  were  found  to  be  as  foUows:  The  taproot  and,  at  the 
early  stage,  the  thidcer  portion  above  it  are  diarch.  As  the  plant  develops  the  latter  portion  beooina 
coUateraL  The  root  portion  finally  consists  of  radial  rows  of  bundles  of  vessels  surrounded  by  fibrooi 
sharp-pointed  cells  between  which  the  parenchymatous  medullary  rajrs  are  located.  The  remainiof 
central  area  consists  of  thin-walled  celU  of  irregular  shape  and  size,  which  usually  contain  much  starch  sod 
perform  the  functions  of  a  storehouse.  At  the  locality  from  which  the  leaves  come  the  vascular  xykm  it 
limited  to  a  narrow  area  surrounding  a  distinct  pith  which  contains  no  differentiated  vessels.  Thiscactrose 
upper  part  of  the  so-called  turnip  root  must  be  considered  as  the  stem  and  is  differentiatfd  by  its  vohnniiWg 
pith  from  the  enlarged  and  fleshy  root  portion  with  whidi  it  merges. 
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EXTRACTIONS  OF  THE  FRESH  PULP 

To  determine  in  fresh  turnips  the  proportion  of  the  total  phosphorus 
which  is  present  in  solution,  the  following  method  was  used:  Trimmed 
and  cleaned  fresh  turnips  were  weighed  and  halved.  Wedge-shaped 
portions  with  the  edges  at  the  center  were  grated  oflf  and  the  remainder 
of  the  turnips  weighed,  so  that  the  amount  of  the  grated  portion  could 
be  determined  by  difference. 

The  amount  of  water  and  phosphorus  was  determined  in  the  ungrated 
portion  and  the  following  average  procedure  was  also  carried  out:  Two 
hundred  gms.  of  pulp  were  taken,  80  c.  c.  of  water  added  in  transferring 
the  pulp  and  juice  from  the  grater  to  the  receptee  in  which  all  was 
allowed  to  remain  for  about  24  hours,  with  occasional  stirring,  230  c.  c. 
of  extract  were  obtained  by  filtering  tmder  pressure.  Fifteen  samples 
taken  from  a  given  field  at  eight  different  times  during  a  growing  season 
yielded  on  an  average,  in  the  trimmed  fresh  turnips,  91.4  per  cent  of 
water  and  0.107  per  cent  of  phosphorus  pentoxid,  80  per  cent  of  the 
latter  being  present  in  the  liquid  portion.  In  the  determination  of 
the  amount  of  phosphorus  in*  solution  it  was  assumed  that  the  liquid 
remaining  in  connection  with  the  pulp  after  filtering,  contained  the  same 
percentage  of  phosphorus  as  the  filtrate.  It  was  fotmd  that  when  the 
extraction  was  made  by  0.2  per  cent  hydrochloric  acid  less  total  phos- 
phorus was  extracted  than  when  water  was  used,  and  furthermore  that 
some  analytical  difficulty  was  experienced  in  this  connection,  especially 
with  subsequent  determinations  involving  ammonia,  owing  to  the 
presence  of  pectin-like  substances.  Previous  extraction  of  the  fresh 
pulp  with  alcohol  did  not  prevent  0.2  per  cent  hydrochloric  acid  from 
extracting  the  pectin-like  substances  from  the  pulp. 

A  2  per  cent  acidity  produced  by  acetic  acid  did  not  result  in  the  same 
difficulties  with  the  pectin  substances;  therefore  the  hydrochloric  extrac- 
tion of  the  pulp  was  abandoned.  The  following  percentages  of  phos- 
phorus pentoxid  calculated  to  dry  turnips  show  that  when  fresh  turnips 
are  grated  without  and  with  the  acetic  acid  considerably  less  phosphorus 
is  secured  in  the  solution  when  the  acetic  acid  is  present. 

Sample.  I  II  III  IV  V  VI  VII 

Without  acetic  acid a  54       o.  76       o.  38       a  54       a  33        a  37        a  13 

With  acetic  add 23         .6i         .31         .52         .26         .26         .06 

It  seemed  to  be  immaterial  whether  the  2  per  cent  acidity  was  attained 
by  adding  acetic  add  at  the  time  of  grating  or  to  the  turnip  juice  sub- 
sequently, for  in  different  samples  0.260,  0.063,  a^d  0.025  P^r  cent  were 
obtained  in  the  filtered  juice  when  the  acetic  add  was  present  at  the 
time  of  grating,  and  0.259,  o-<>55>  ^^d  0.026,  respectivdy,  when  added 
to  the  juice  itself  before  filtering — that  is,  the  addition  of  acetic  add 
to  the  juice  produced  a  predpitate  which  contained  about  the  same 
amount  of  phosphorus  as  was  left  with  the  pulp  when  acetic  add  was 
in  contact  with  the  same  at  the  time  of  grating. 
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might  still  be  considered  as  inorganic  phosphorus  which  would  combine 
readily  with  the  usual  predpitants  of  the  same. 

Realizing  the  indefiniteness  of  so-called  inorganic  phosphorus  in  such 
circumstances,  the  authors  did  not  attempt  to  determine  definitely  the 
nature  of  the  phosphorus  predpitable  by  different  reagents,  because 
the  main  object  was  to  find  methods  for  determining  differences  in  com- 
position in  turnips  grown  on  soils  containing  different  amounts  of  avail- 
able phosphorus.  In  general  the  designation  *  *  inorganic  phosphorus ' '  has 
been  used  in  the  present  paper  more  for  convenience  than  because  it  is 
necessarily  considered  as  representing  a  well-defined  entity. 

It  was  found  that  the  Hart  and  Andrews  method  (2),  as  outlined 
for  use  with  cereals,  required  with  turnip  extract  so  much  nitric  add 
to  prevent  reduction  in  the  molybdenum  mixture  and  to  enable  a  com- 
plete recovery  of  added  phosphorus  that  the  official  strength  of  nitric 
add  was  adopted  in  most  cases  with  this  reagent. 

Many  direct  predpitations  were  made  also  with  the  official  magnesium 
mixture.  The  comparative  amounts  of  that  portion  of  the  phosphorus 
which  was  predpitated  directly  by  the  magnesium  and  by  the  molybde- 
num mixtures,  from  different  lots  of  turnip  juice,  are  shown  by  the  fol- 
lowing: If  the  amount  predpitated  with  the  magnesium  mixture  in  each 
case  is  represented  by  100,  the  amounts  thrown  down  by  the  molybdenum 
mixture  were  100,  93,  99,  95,  102,  95,  and  98;  average,  97.  The  two 
mixtures  therefore  gave  practically  the  same  results.  The  predpitates 
caused  by  the  two  reagents  were  so  treated  that  the  total  phosphorus  in 
them  was  determined. 

Barium  chlorid  in  neutral  solutions  was  also  used  extensivdy  as  a 
predpitant;  in  fact,  it  was  finally  adopted  as  being  in  general  the  most 
suitable  reagent. 

The  best  criterion  of  the  effidency  of  the  different  methods  for  pre- 
dpitating  inorganic  phosphorus  in  the  presence  of  the  colloidal  organic 
constituents  of  turnip  extract  was  considered  to  be  the  d^^ree  of  recovery 
of  phosphorus  added  in  a  standard  solution  to  the  dialyzates  of  the  tur- 
nip extracts,  from  which  practically  all  the  phosphorus  had  diffused. 

Evidence  presented  in  regard  to  the  correctness  o£  a  given  method  for 
determining  inorganic  phosphorus  is  of  questionable  value  if  it  is  based 
upon  the  extent  to  which  phosphorus  added  in  a  standard  solution  is  re- 
covered from  an  extract  in  winch  inorganic  phosphorus  had  been  deter- 
mmed  previously  by  the  same  method. 

At  fbrst  there  was  failure  by  any  of  the  predpitants  to  precipitate 
oompletdy  the  phosphorus  added  to  the  dialyzate,  but  as  barium  chlorid 
seemed  the  most  promising  the  conditions  for  practically  complete  re- 
covery were  ascertained  finally  with  this  reagent.  It  was  not  deter- 
mined whether  or  not  conditions  could  have  been  imposed  in  connection 
with  the  molybdenum  and  magnesium  mixtures  which  would  lead  to  a 
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complete  recovery  of  added  phosphorus,  but  such  seemed  probable  from 
the  results  of  the  limited  attempts  which  were  made. 

In  preliminary  work  with  undialyzed  turnip  juice  and  a  standard 
phosphate  solution  containing  phosphorus  equivalent  to  0.0200  gm.  of 
magnesium  p3rrophosphate,  there  was  obtained  by  barium  chlorid  from 
a  neutral  solution  in  4,  8,  16,  24,  and  72  hours,  respectively,  0.0120, 
0.0186,  0.0194,  0.0200,  and  0.0200  gm.  more  than  was  secured  from  the 
juice  alone.  This  indicated  that  24  hours  was  sufficient  time  for  complete 
precipitation.  It  was  also  ascertained  that  a  large  excess  of  the  reagent 
was  of  no  advantage. 

Based  upon  this  preliminary  work,  added  phospnorus  was  recovered 
completely  a  number  of  times  from  dialyzates  of  turnip  juice  from 
which  practically  all  of  the  phosphorus  had  diffused.  However,  owii^ 
to  the  fact  that  in  a  few  instances  thare  was  failure  to  recover  all  of  the 
added  phosphorus,  it  seems  probable  that  a  minus  error  is  liable  to  occur 
when  precipitating  with  barium  chlorid  from  a  strictly  neutral  solution, 
and  it  is  probable  that  the  method  is  more  dependable  if  the  solution  is 
made  slightly  alkaline  with  ammonium  hydroxid.  A  more  detailed  dis- 
cussion (rf  the  method  will  occur  in  subsequent  pages. 

A  limited  amount  of  work  was  done  with  promising  results  by  the 
method  outlined  by  Collison  (i),  but  the  barium-chlorid  method  seemed 
well  adapted  for  the  work  with  turnip  juice  and  was  therefore 
mainly  used. 

ACTION  OF  OTHER  REAGENTS  AND  CHANGES  EFFECTED  IN 
DIFFERENT  WAYS 

Although  primarily  interested  in  the  determination  of  so-called  inor- 
ganic phosphorus,  the  authors  made  certain  examinations  of  turnip 
extract  to  ascertain  the  behavior  of  the  phosphorus  under  different  con- 
ditions, and  these  will  be  referred  to  briefly  at  this  time. 

Turnip  juice  is  not  of  constant  composition,  but  as  an  average  less 
than  one-tenth  of  the  phosphorus  in  it  is  precipitated  by  acetic  acid, 
more  than  seven-tenths  by  barium  chlorid  subsequently  in  the  neutral- 
ized filtrate,  and  about  two-tenths  remain  in  the  filtrate  from  the  barium- 
chlorid  precipitate. 

The  following  data  throw  light  upon  the  nature  of  the  acetic-add  pre- 
cipitate: Acetic  add  was  added  to  1,500  c.  c.  of  fresh  juice  until  the 
aridity  equalled  2  per  cent;  the  mixture  was  allowed  to  stand  for  four 
days  and  was  then  filtered.  The  preripitate,  after  washing  with  2  per 
cent  acetic  arid,  was  digested  in  a  beaker  for  one  hour  at  37*^  C,  with  a 
solution  of  sodium  hydroxid  containing  0.5  per  cent  of  free  alkali.  No 
reaction  for  inorganic  phosphorus  was  secured  when  molybdenum  mix- 
ture was  added  to  the  solution,  thereby  indicating  that  the  phosphorus 
of  the  acetic-arid  preripitate  was  not  in  compounds  of  a  phosphoprotein 
nature  (10).    The  alkaline  digestion,  however,  $0  changed  the  acetic- 
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add  precipitate  that  only  two-thirds  of  its  original  phosphorus  could  be 
subsequently  precipitated  in  a  2  per  cent  acetic-add  solution,  the  remain- 
der passing  into  the  filtrate  but  still  not  reacting  as  inorganic  phosphorus. 
The  two-thirds  of  the  phosphorus  mentioned  above  as  being  repredpi- 
tated  with  acetic  add  were  subsequently  again  dissolved  in  0.5  per  cent 
sodium  hydroxid  and  repredpitated  with  acetic  add  without  any  fur- 
ther change  in  the  amount  of  phosphorus  in  the  acetic-add  predpitate. 
The  repredpitated  and  washed  material  contained  about  13  parts  of 
nitrogen  to  i  part  of  phosphorus. 

An  examination  for  phytin  in  turnip  juice  was  made  as  follows:  Two 
400-c.  c.  lots  of  turnip  juice,  each  containing  phosphorus  equivalent  to 
0.2272  gm.  of  magnesium  pjrrophosphate,  were  treated  with  enough 
acetic  add  to  make  a  2  per  cent  solution.  A  predpitate  containing  3 
per  cent  of  the  total  phosphorus  was  formed.  The  filtrate  was  examined 
for  phosphorus  in  phytin  according  to  the  following  method  of  Postemak 
(11):  The  solutions  were  made  strongly  alkaline  with  sodium  hydroxid, 
and  caldum  chlorid  was  added.  The  white  predpitate  was  filtered  off 
and  the  filtrate  found  to  contain  only  a  trace  of  phosphorus.  The  pre- 
dptate  was  dissolved  in  hydrochloric  add,  and  sodium  acetate  and 
copper  acetate  were  added.  Phytin  was  found  to  be  practically  absent 
(3,  p.  440). 

By  heating  turnip  juice,  variable  small  amounts  of  phosphorus  are 
thrown  down  with  the  not  very  voluminous  predpitate  which  is  formed. 
The  filtrate  may  at  once  yield  more  or  less  inorganic  phosphorus  than  an 
unheated  aliquot.  After  the  lapse  of  a  week  or  more,  chloroform  having 
been  added  to  the  solutions,  there  was  invariably  an  increase  of  inorganic 
phosphorus  in  the  unheated  juice  and  usually  no  increase  in  the  heated 
juice.  This  indicated  the  possible  presence  of  an  enzym  capable  of  in- 
creasbg  the  amount  of  inorganic  phosphorus,  but  efforts  to  prove  that 
there  was  enz3miic  action  were  not  universally  successful.  The  amount 
of  inorganic  phosphorus  predpitated  by  the  immediate  addition  of  the 
customary  reagents  to  the  juice  usually  constitutes  so  large  a  proportion 
of  the  total  phosphorus  that  there  is  very  little  opportunity  for  further 
change. 

PROPORTION  OF  INORGANIC  PHOSPHORUS 

The  prindple  method  which  was  used  by  the  authors  in  the  determi- 
nation of  the  inorganic  phosphorus  in  fresh  turnips  has  been  published 
Elsewhere  (6).    It  consists  in  brief  in  preparing  the  pulp  in  the  presence 
of  suflJdent  acetic  add  to  give  about  a  2  per  cent  add  extract,  to  which 
barium  chlorid  is  then  added  as  a  predpitant,  the  solution  being  ren- 
te:ed  neutral  or  barely  alkaline  with  ammonium  hydroxid.    The  inor- 
ganic phosphate  is  dissolved  on  the  filter  from  the  predpitate  by  treat- 
JJ^twith  hot  water  and  add,  and  the  phosphorus  brought  into  solution 
^determined  in  the  usual  manner  with  molybdtoum  and  magnesium 
Uiixtures. 
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At  first  indications  were  afforded  by  this  method  that  a  larger  propor- 
tion of  the  total  phosphorus  was  secured  from  turnips  grown  on  soil  wdl 
supplied  with  available  phosphorus  than  from  turnips  which  had  been 
grown  on  soil  quite  deficient  in  this  ingredient  This  was  considered  to 
be  an  important  differentiation  r^;ardless  of  whether  or  not  the  determi- 
nation could  be  considered  strictly  that  of  inorganic  phosphorus,  since 
it  appeared  to  furnish  an  additional  indirect  method  for  securing  informa- 
tion regarding  the  relative  amount  of  available  phosphorus  at  the  dis- 
posal of  the  plant. 

However,  according  to  subsequent  work  with  the  method  by  other 
analysts  on  turnips  grown  in  a  number  of  different  years,  there  were 
frequent  failures  to  find  any  marked  increase  in  the  proportion  of  inor- 
ganic to  total  phosphorus  in  the  turnips  as  a  result  of  the  application  to 
the  soil  of  liberal  amounts  of  available  phosphorus,  although  the  crop 
and  the  percentage  of  total  phosphorus  in  the  same  were  much  increased. 

It  was  found  in  some  instances  that  a  small  excess  of  ammonium 
hydroxid  resulted  in  a  considerable  increase  of  inorganic  phosphorus  in 
the  precipitate  by  barium  chlorid.  There  was  no  certainty  as  to  whether 
this  increase  represented  a  portion  of  the  inorganic  phosphorus  not  pie- 
dpitable  from  a  neutral  solution,  or  whether  the  excess  ammonia  had 
caused  a  dissociation  of  phosphorus  from  organic  combinations.  By 
adding  an  excess  of  ammonia,  on  the  assumption  that  all  of  the  inorganic 
phosphorus  was  not  predpitable  in  a  neutral  solution,  practically  the 
total  phosphorus  was  frequently  precipitated. 

It  has  already  been  shown  that  phytin  was  absent  from  the  juice, 
and  it  may  well  be  questioned  whether  the  small  amount  of  phosphorus 
usually  contained  in  the  rather  voluminous  precipitate  formed  upon  the 
addition  of  alcohol  to  the  acidulated  juice  is  an  essential  constituent  of 
the  same  or  has  merely  been  dragged  down  by  it. 

If  it  is  true  that  nearly  all  the  phosphorus  of  the  juice  is  inorganic,  as 
seems  likely  to  be  the  case,  at  most  only  the  determination  of  total 
phosphorus  in  the  juice  could  be  of  advantage  for  the  purpose  in  mind; 
furthermore  the  determination  of  total  phosphorus  in  the  juice  would 
be  no  more  useful  than  that  in  the  entire  turnip  unless  differences  in 
the  amount  of  available  soil  phosphorus  influence  the  composition  of 
the  juice  more  than  of  the  rest  of  the  turnip. 

Such  an  influence  seemed  reasonable,  and  some  evidence  for  that  idea 
has  been  secured.  At  other  times,  however,  an  increase  in  the  amount 
of  available  soil  phosphorus  seems  to  have  increased  the  phosphorus  d 
the  juice  no  more  than  of  the  rest  of  the  turnip. 

Looking  upon  the  inorganic  phosphorus  in  the  juice  as  being  the 
excess  above  that  required  for  the  essential  tissues,  one  would  hardly 
expect  to  fijid  much  phosphorus  in  this  form  in  turnips  which  had  made 
only  a  small  growth  because  insufficient  soil  phosphorus  was  available. 
Possibly,  however,  the  turnip  conserves  a  certain  proportion  of  inorganic 
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phosphorus  in  its  thickened  root,  even  if  the  supply  is  insufficient  to 
pnxiuce  a  fuU-sized  plant.  Inasmuch  as  the  second  year  of  this  biennial 
is  devoted  to  the  production  of  seed,  using  as  nourishment  the  root 
substance  formed  the  previous  year,  a  certain  amoimt  of  inorganic  phos- 
phorus may  be  a  normal  requirement.  Turnips  which  have  been  stored 
still  contain  a  large  proportion  of  such  phosphorus,  but  the  authors  have 
not  ascertained  whether  this  phosphorus  supplies  the  early  needs  of  the 
second-year's  growth. 

As  a  result  of  a  critical  consideration  of  all  the  data,  the  authors  feel 
that  the  determination  of  the  total  phosphorus  in  turnips  may  prove  as 
satisfactory  for  indicating  the  relative  amount  of  available  phosphorus 
in  the  soil  upon  which  the  turnips  grew,  as  a  determination  of  inorganic 
phosphorus  in  the  juice  by  any  method  which  they  have  tried,  although 
in  many  instances  the  differences  are  more  marked  by  the  latter  deter- 
mination. 
j  SUMMARY 

iln  this  paper  is  recorded  work  undertaken  with  the  prime  object  of 
ascertaining  whether  the  amount  of  any  portion  of  the  phosphorus  of 
'      the  turnip  root  is  correlated  more  nearly  than  the  total  phosphorus  with 
the  relative  amount  available  in  soils. 

Preliminary  indications  were  derived  from  the  successive  extraction 
of  dried  turnips  with  ether,  alcohol,  and  0.2  per  cent  hydrochloric  acid; 
but,  since  it  was  next  found  that  larger  amounts  of  phosphorus  could  be 
extracted  from  fresh  thta  from  dried  turnips,  all  subsequent  observations 
were  made  on  fresh  turnips. 

Coincident  with  the  introduction  of  phosphorus  into  a  nutrient  solu- 
tion in  which  turnips  were  growing,  the  appearance  of  "inorganic" 
phosphorus  and  the  disappearance  of  starch  were  traced  microscopically 
in  the  different  tissues;  whereas  upon  withholding  phosphorus  the  dis- 
appearance of  inorganic  phosphorus  and  the  appearance  of  starch  were 
similarly  observed.  About  four-fifths  of  the  total  phosphorus  of  fresh 
turnips  was  extracted  with  water.  When  the  latter  was  acidulated, 
somewhat  less  was  secured  because  of  partial  precipitation. 

Only  a  few  per  cent  of  the  extracted  phosphorus  failed  to  pass  through 
dialyzers.  Different  predpitants  of  inorganic  phosphorus  were  tested 
as  to  their  ability  to  recover  phosphate  added  in  a  standard  solution  to 
the  dialyzates. 

The  phosphorus  in  the  precipitate  formed  by  adding  acetic  acid  to 
turnip  juice  was  not  in  phosphoprotein  compounds.  There  was  no 
phytin  in  the  juice.    The  presence  of  a  phosphatase  was  not  shown. 

Although  the  proportion  of  inorganic  to  total  phosphorus  in  turnips 
^vas  frequently  made  larger  by  phosphatic  applications  to  the  soil  in 
which  they  were  grown,  this  was  not  always  shown  to  be  the  case  by 
such  methods  as  were  used. 
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In  most  instances  the  phosphorus  in  the  juice  was  so  largely  inorganic 
and  constituted  so  large  a  proportion  of  the  total  that  the  determina- 
tion of  the  latter  seemed  about  as  useful  as  of  any  portion  for  furnishing 
indications  regarding  the  relative  amount  of  soil  phosphorus  at  the 
disposal  of  the  turnip. 
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THREE-LINED  FIG-TREE  BORER 

By  J.  R.  HoRTON, 

Scientific  Assistant^  Tropical  and  Subtropical  Fruit  Insect  Investigations^  Bureau  of 
Entomology,  United  States  Department  of  Agriculture 

INTRODUCTION 

The  adult  three-lined  fig-tree  borer  (Ptychodes  trilineatus  L.)  is  a 
large,  longitudinally  striped,  long-homed,  wood-boring  beetle  of  the 
family  Cerambyddae,  which  does  considerable  damage  to  fig  trees 
(Ficus  carica)  in  the  Southern  States  by  boring  into  the  larger  branches 
and  trunks.^ 

This  insect  occurs  throughout  the  southern  United  States  from  Florida 
to  Houston,  Texas,  and  from  South  Carolina  to  the  Gulf.  It  has  also 
been  reported  from  parts  of  Mexico,  British  Honduras,  Nicaragua, 
Costa  Rica,  Guatemala,  Panama,  and  the  West  Indies,  Colombia,  and 
Venezuela,  South  America,  and  Tahiti,  Oceania.  The  adult  beetle 
causes  some  injury  by  feeding  upon  the  fruit,  leaves,  and  bark  of  fig 
trees  and  by  ovipositing  in  the  bark,  but  the  greatest  amount  of  damage 
is  done  by  this  insect  while  in  the  larval  state.  The  larva  is  a  white, 
flat-headed  borer,  or  sawyer,  which  mines  its  way  into  the  larger  branches 
and  trunks  of  the  trees  (PI.  37),  where  it  feeds  upon  the  wood  for 
from  three  months  to  more  than  one  year,  and  reaches  a  length  of  nearly 
2  inches,  before  changing  to  the  pupa. 

INJURIOUSNESS 

The  borers  live  in  dry  as  well  as  in  green  wood,  and  specimens  have 
lived  for  two  or  three  weeks  'in  other  woods  than  the  fig.  Two  larvae 
from  one  lot  under  observation  ate  their  way  out  of  their  blocks  of  fig 
wood  and  into  the  top  of  a  cypress  table,  where  they  tunneled  for  2 
and  3  inches,  r^pectively,  and  completed  the  transformation  to  the 
adult  stage.  They  appear  to  prefer  wood  which  is  partly  dead  and  has 
lost  some  of  its  sap  to  healthy  green  wood,  and  therefore  attack  prin- 
cipally those  trees  or  branches  which  are  injured  or  diseased.  Any 
injury,  however,  such  as  the  breaking  of  a  large  limb,  may  invite  the 
deposition  of  many  eggs  by  the  adult  beetle,  and  the  branch  will  then 
be  killed  by  the  borers.  The  first  attack  will,  furthermore,  generally 
be  followed  by  others  until  the  whole  tree  becomes  involved  and  is 
finally  killed  by  the  insect. 

Favorite  points  of  attack  are  near  wounds  made  by  the  breaking  of 
large  limbs,  untreated  saw  cuts,  splitting  of  the  trunk,  the  knots  formed 

1  Several  other  borers  also  attack  fig  trees  in  the  Southern  Stetes— for  example,  Ltptostylus  bmshts  Lee., 
Cptt  ap.,  SupkamodtrM  ap.>  and  Ataxia  crypta  Say— and  are  found  working  in  the  same  trees  with 
Ptjckodesiriiituahu. 
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in  the  branches  by  fig  canker,*  injuries  in  the  bark,  etc.  For  example, 
a  fig  tree  on  the  laboratory  grounds  at  New  Orleans,  which  through 
faulty  pruning  a  comparatively  light  wind  had  caused  to  split  down 
through  the  head,  became  so  severely  infested  that  it  was  estimated 
there  were  more  than  1,700  borers  in  it  at  one  time.  Another  fig  tree 
which  had  been  perfectly  healthy  and  free  from  borers  became  severely 
infested  in  the  trunk  soon  after  the  bark  had  been  mjured  by  a  mer- 
curial band  applied  to  keep  out  ants.  Still  another  healthy  tree  first 
became  infested  after  a  windstorm  had  broken  oflf  one  of  the  larger 
branches,  the  eggs  all  being  deposited  in  the  branch  from  which  it  was 
broken,  not  far  from  the  wound. 

Every  one  of  the  six  or  eight  injured  or  diseased  fig  trees  on  the  lab- 
oratory grounds  at  New  Orleans  became  heavily  infested  with  borers, 
whereas  not  a  single  egg  or  borer  could  be  found  during  three  seasons 
in  any  of  the  8  or  10  well-formed,  healthy  trees  growing  near  them  in 
the  same  yard.  It  may  therefore  be  set  down  as  a  practically  infallible 
rule  that  if  the  fig  trees  are  kept  in  a  thriving  healthy  condition,  they 
will  not  be  subjected  to  severe  attacks,  and  may  escape  any  injury 
whatever  from  the  three-lined  fig-tree  borer. 

BIOLOGY  AND  HABITS 

THE  EGG 
DBSCRIPTION  AND  PLACE  WHSRS  FOUND 

The  egg  (PI.  35,  A)  is  an  elongate,  nearly  cylindrical,  pure  white  to 
faintly  ydlowish  or  greenish  object,  ranging  from  0.026  inch  (0.66  nun ) 
to  0.039  i^^  (i  mm.)  broad,  from  0.128  inch  (3.25  mm.)  to  0.144 
inch  (3.66  mm.)  long,  being  on  an  average  0.036  inch  (0.916  mm.)  broad 
and  0.138  inch  (3.52  mm.)  long.  The  shell  is  often  more  or  less  distinctly 
patterned  like  the  grain  of  the  fig  wood  in  which  the  egg  is  deposited. 

The  eggs  are  deposited  by  insertion  into  the  bark  of  the  larger  branches 
and  trunk,  thus  being  completely  hidden  from  view  and  protected  by 
the  bark.  They  are  usually  deposited  near  wounds  or  decaying  spots 
in  the  bark,  or  in  limbs  which  have  been  cut  or  broken.  They  are  even 
deposited  in  large  branches  which  have  been  removed  from  the  tree. 
They  are  seldom  or  never  found  in  perfectly  sound,  hesJthy  bark,  a 
fact  of  importance  in  controlling  the  borer.  The  eggs  usually  occur 
singly,  but  sometimes  two,  three,  or  five  are  found  together. 

INCUBATION 

The  incubation  period  of  eggs  of  the  fig-tree  borer  does  not  vary  greatly, 
at  least  in  the  period  from  May  to  September,  when  most  eggs  are  develop- 
ing. The  maximum  time  required  for  the  eggs  to  develop,  as  recorded 
in  the  season  of  1914  and  1915*  was  8  da3rs,  the  minimum  3  days,  tlie 

>  Edobkton,  C  W.   DI8SA8H8  Of  tBB  no  trb8  and  ntmr.    La.  Agr.  Exp.  Sta.  BuL  xb6i  P*  '^'' 
pLs.    X9". 
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average  being  approximately  5.6  days.    The  comparative  regularity  of 
the  time  required  for  incubation  appears  to  be  due  to  the  relative 
uniformity  of  temperature  and  humidity  prevailing  in  the  bark  tiss — 
of  the  fig  trees.     The  complete  record  on  the  incubation  of  eggs 
the  fig-tree  borer  at  New  Orleans,  La.,  for  the  seasons  of  191 4  and  i 
is  given  in  Table  I. 

Table  I. — Incubation  period  of  eggs  of  the  three-lined  fig-tree  borer,  New  Orleans, 
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HATCHING 


When  the  development  of  the  egg  is  completed  and  the  larva  read] 
issue  it  chews  its  way  out  through  the  upper  end  of  the  eggshell.  ' 
larvae  generally  feed  at  first  upon  the  eggshell,  sometimes  devou] 
neariy  all  of  it  before  tunneling  into  the  bark  layers. 


LARVA  OR  BORER 


DSSCRIPTION 


The  larva,  or  borer  proper  (PI.  35,  B,  C),  is  white  to  cream-colore 
l^less  grub,  varying  in  length  from  about  0.125  ^^^  (3  nun-)  just  a 
issuance  from  the  egg  to  about  1.7  inches  (43  mm.)  when  fully.grown. 
IS  broadest  across  the  first  thoracic  segment,  tapering  gradually  f i 
the  latter  to  the  tip  of  the  abdomen.  The  head  is  subrectangular, 
sides  converging  posteriorly.  The  anterior  border  has  a  small  4-joii] 
appendage  at  each  side  of  the  base  of  the  mandible.    The  ante 


Digitized  by 


Google 


374  Journal  of  Agricultural  Research  voi.xi.Na8 

border  and  mandibles  are  dark  brown  to  nearly  black,  and  the  posterior 
part  of  the  head  clear  light  amber.  The  anterior  and  lateral  borders  of 
the  first  body  segment  are  of  a  shining,  yellowish  brown,  and  the  pos- 
terior half  velvety-brown;  the  remaining  segments  are  creamy-white 
throughout.  The  dorsal  and  ventral  surfaces  of  abdominal  segments 
are  tuberculate,  the  minute  dorsal  tubercles  being  arranged  in  four 
irregular  rows,  forming  two  irregular  oval  rings,  one  within  the  other. 
The  last  segment  bears  on  its  ventral  surface  a  small  group  of  amber- 
colored,  chitinous  spines. 

Mr.  F.  C.  Craighead,  of  the  Bureau  of  Entomology,  who  has  especially 
studied  the  classification  of  the  larvae  of  the  Cerambyddae,  gives  the  fol- 
lowing characters  for  distinguishing  the  larvae  of  Ptychodes  trilinecUus 
from  others  of  that  family: 

Sides  of  head  conveiging  posteriorly;  dorsal  surface  of  prothorax  velltired  on  pos- 
terior half;  dorsal  and  ventral  surfaces  of  abdominal  segments  tuberculate,  tubercles 
on  dorsal  surface  arranged  in  four  irregular  rows. 

These  characters  will  distinguish  larvae  of  the  subfamily  Lamiinae,  to 
which  Ptychodes  trilineatus  belongs,  from  those  of  the  other  subfamilies. 
The  presence  of  a  small  group  of  chitinous  spines,  on  the  ventral  surface 
of  the  last  abdominal  segment,  distinguishes  the  larva  of  the  three-lined 
fig-tree  borer  from  that  of  other  species  of  the  genus  Ptychodes. 

MOLTING  AI«n>  GROWTH 

The  number  of  instars,  or  substages  in  the  growth  of  the  larva  of  the 
three-lined  fig-tree  borer,  is  variable  and  the  occurrence  of  the  molts 
irrregular.  A  little  more  than  half  the  specimens  under  observation 
molted  only  five  or  six  times  before  transforming  to  the  pupa,  about  one- 
fourth  of  them  made  the  transformation  after  the  eighth  molt,  and  the 
remaining  fourth  after  the  fourth,  seventh,  ninth,  or  tenth  molts.  It  is 
only  rarely  that  as  many  as  lo  molts  occur  in  the  larva.  The  insect  will 
sometimes  molt  twice  in  dose  succession  after  being  cut  or  otherwise 
injured,  the  extra  molting  being  apparently  a  protective  measure  in  such 
cases.  In  molting,  the  head  cast  splits  slightly  cdong  the  median  ventral 
line,  separates  from  the  body  integument,  and  is  slipped  off  whole.  The 
skin  is  slowly  pushed  back  over  the  tip  of  the  abdomen. 

There  is  sJso  a  wide  variation  in  the  duration  of  the  larval  instars. 
Each  of  the  first  three  instars  may  be  completed  in  anywhere  from  3 
days  to  about  40  days,  while  each  of  the  succeeding  ones  requires  from 
about  one  week,  as  a  minimum,  to  between  50  to  60  days,  as  a  maximum, 
for  those  specimens  which  complete  their  growth  in  a  single  summer. 
With  larvae  which  live  through  the  winter  from  one  season  to  the  next, 
the  later  stages  of  growth  wiU  be  much  longer,  requiring  5  or  6  months. 
The  average  duration  of  the  different  substages  in  the  growth  of  the 
larva  was  as  follows:  Instar  I,  8  days;  II,  9  days;  III,  12  days;  IV,  16 
days;  V,  23  days;  VI,  26  days;  VII,  38  days  for  those  specimens  not 
passing  and  5  months  for  those  passing  the  winter  in  the  larval  stage; 
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VIII,  34  days  for  specimens  completing  their  growth  during  the  same 
summer  in  which  they  issued,  and  6yi  months  for  larvae  living  over  the 
winter;  IX,  30  da)^  for  summer  specimens,  and  5K  months  for  those 
living  through  the  winter  as  larvae. 

LENGTH  OF  LIFE  AND  HABITS 

When  the  young  borer  issues  from  the  egg,  it  mines  its  way  along 
through  the  bark  for  several  da)rs.  It  then  usually  tunnels  into  the 
solid  wood  and  often  eats  its  way  to  the  very  heart  of  the  branch.  It 
lives  and  feeds  in  this  manner,  packing  the  burrow  tightly  behind  it  with 
"sawdust,"  for  from  about  2  to  15  months.  About  two-thirds  of  the 
borers  observed  completed  this  stage  in  the  season  in  which  the  eggs 
from  which  they  issued  were  deposited,  while  the  remaining  third  lived 
through  the  winter,  pupating  the  following  season.  Those  borers  com* 
pleting  the  larval  life  in  one  season  required  approximately  from  2  to  4}4 
months,  the  average  larval  life  of  the  single  season  specimens  being  about 
3  months.  The  overwintering  borers  required  from  7>^  to  15  months  to 
complete  the  larval  life,  the  average  life  in  the  wood  being  1 1>^  months. 
As  the  borers  are  feeding  during  most  of  this  long  period,  and  reach  a 
size  of  1.5  to  2  inches  long  and  nearly  0.25  inch  broad,  it  is  seen  that  even 
a  single  insect  can  cause  a  great  deal  of  injury.  The  records  on  the 
duration  of  the  larval  stage  are  given  in  Table  II. 

Tabls  II. — Duration  of  the  larval  stage  of  the  three-lined  fig-tree  borer ,  New  Orleans, 

La,,  191  5-16 


No. 


DtiUof 


Date  of 
pupation. 


Duratioii 

of  larval 

stage. 


No. 


Date  of 
issuance. 


Date  of 
pupation. 


Duration 
of  larval 
stage. 


13.. 
M.. 
15.. 
16.. 
17.. 
18.. 
19.. 


May  ai  1x9x5 

do 

June  X,  191S 
June  «,i9«S 
June  x,i9xs 
June    s»x9X5 

do 

June  7»  19x5 
June  S,  X9X5 
June  7,x9xs 
June  6,19x5 
June  8,19x5 
.do.. 


June  XX,  19x5 

do 

.do.. 


M   .... 

«3.... 

H 

»S 

37.... 
18.... 

n 

30... 
31.... 
3a.... 
33  ... 
34.... 
35.... 
36.... 


June  X3,x9X5 

do 

do 

June  XX,  19x5 
.do. 


..do.. 


Jane  X3,X9X5 

do 

do 

.do. 

.do. 


..do.. 


do. 
June  x6,x9X5 

....do 

....do 

....do 

....do 

June  X5fX9X5 
do 


Sept.  99.X9X5 
Aug.  38,x9x6 
Har.  3x>x9x6 
Oct.  91x9x5 
Aug.  t7,X9iS 
Sept.  99>X9XS 
July  xo,x9x6 
Sept.  71x9x5 
July  xo,x9x6 
Sept.  S9>X9X5 
Aug.  a7,  X9X5 
Sept.  71x9x5 
Sept.  X3,  X915 
Sept.  7,x9xs 
Mar.  3X,  X9x6 

Aug.  X7,x9i5 
Aug.  98,  X9x6 
Aug.  X7,X9X5 
Aug.  97,X9is 
Sept.  18,  X9X5 
Aug.  a7»x9xs 
Mar.  3x,x9x6 
Aug.  97,19x5 

do 

Aug.  a8,x9x6 
Aug.  «7»X9X5 
Oct.  95,19x5 
May  X5,x9x6 
Sept.  x8,x9X5 
Sept.  99i  X915 
May  X5,x9x6 
Aug.  X9,X9X5 
Aug.  a8,  X9x6 
Aug.  X9,X9X5 
Sept.   7»X9X5 


Momlks. 
4>33 
X5 

xo 
.     4-95 

3 
4 

X3 
3 

X3 
3-5 
9.66 
3 

3.95 
3 

9-5 
9.5 
9.95 

X4'5 
9.95 
2-5 
3.95 

2-S 

9.5 

a- 5 
«•$ 

X4.5 
as 
4-S 

XX 

3-95 
3-5 

XX 

a 
X4-5 
9.95 
a.  75 


June  x8,x9X5 

do 

....do 


do 

....do 

do 

....do 

....do 

....do 

....do 

do 

June  90,x9t5 

do 

do 

June  93,19x5 

do 

do 

....do 

do 

do 


Sept.  7.  X9X5 
Sept.  x8,  X9X5 
Sept.  7»X9X5 
Sept.  99^x9x5 
do. 


do 

do 

do 

June  95,1915 

do 

June  3o,x9X5 
do. 


.do.. 


.do. 
.do. 
July     a,  X9X5 


Aug.  a8,X9x6 
Aug.  3X1x9x5 
May  X5,  X9x6 
Mar.  3X,  X9x6 
Sept.  x8,  X9X5 
Aug.  3x,x9xs 
Mar.  3X,x9x6 
Sept.  x8,  X9X5 
Mar.  xo,x9x6 
Oct.  9>  X9X5 
Aug.  a8,X9x6 
Oct.  x6, 19x5 
Sept.  7»x9i5 
Sept.  x8,  X9X5 
Oct.  x6,  X9X5 
June  X9,  X9x6 
Oct.     9*  X9X5 

do 

Aug.  X9iX9X5 
Sept.  99,19x5 

do 

Oct.  x6,X9X5 
Feb.  X7»x9x6 
Sept.  99, 19x5 
Aug.  3x,x9i5 
Mar.  3x,x9i6 


Momiks. 
9.75 
3 

9.75 
3-5 
3-5 

X9 
XX 

9-5 

3 

9.5 

9*5 

3 

8.6 

3-5 

X4 
4 

9.5 
3 
4 

XX.  6 
3-5 
3-5 
X.8 
3.  as 
3 

3-5 
75 
3 


Minimum. . 
Average.... 


XS 

1.8 
5-6 


15754^—17- 
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'  When  the  larva  is  ready  for  pupation,  it  tunnels  its  way  to  a  point  near 
the  surface,  enlarges  the  cavity  slightly,  and  completely  surrounds  itself 
with  a  sort  of  cell,  or  cocoon,  composed  of  shreds  and  pellets  of  wood, 
tightly  glued  together.  After  making  the  cocoon,  the  larva  ceases  feeding, 
shrinks  slightly,  and  molts,  transforming  to  the  pupal  stage. 

RESISTANCB  OF  THB  LARVA  TO  INJURIBS 

While  the  larva  of  the  three-lined  fig-tree  borer  is  soft  bodied,  and 
easily  injured  when  removed  from  the  protecting  fig  wood,  its  resistance 
to  knife  cuts  and  similar  mechanical  injury  is  great,  as  specimens  cut  so 
severely  as  to  cause  the  loss  of  a  considerable  quantity  of  body  fluid  will 
often  entirely  recover  and  complete  their  development.  Thus,  one  speci- 
men which  was  cut  nearly  in  two  and  had  lost  much  of  the  body  fluid 
recovered  and  reached  the  adult  stage  in  the  usual  time,  as  did  several 
others  with  injuries  only  slightly  less  severe.  On  one  occasion,  when  a 
large-sized  borer  was  chewed  nearly  in  two  and  lost  one  of  its  mandibles 
as  the  result  of  meeting  another  borer  in  the  wood,  both  wounds  com- 
pletely healed  and  the  insect  survived  for  more  than  a  month.  During 
this  time  the  body  cavity  was  closed  by  a  thin,  transparent  membrane. 
The  borer  was,^of  course,  unable  to  feed.  A  glossy  black  scab  usually 
forms  over  a  cut  or  abrasion  in  the  larval  skin.  Infections  often  occur 
through  abrasions,  and  this  was  the  principal  cause  of  the  loss  of  injured 
specimens  in  the  rearing  work. 

THE  PUPA 
DBSCIUPTION 

The  pupa  (PI.  35,  D,  E)  on  first  emerging  is  creamy-white,  but  soon 
takes  on  more  yellow  and  develops  a  brown  shading  on  the  feet,  the  tips 
of  the  antennae,  and  the  mouth  parts.  As  development  progresses  the 
eyes  and  mandibles  turn  amber-brown,  then  the  prothorax,  head,  anten- 
nae, sides  of  abdomen,  and  tips  of  wings  take  on  similar  coloring.  The 
size  varies  slightly  in  the  sexes  and  in  different  specimens  of  the  same  sex. 
The  length  ranges  from  approximately  0.78  to  1.06  inches  (20  to  27  mm.), 
with  an  average  of  approximately  0.94  inch  (24.06  mm.);  the  breadth  of 
the  thorax  from  approximately  0.19  to  0.23  inch  (5  to  6  mm.),  with  an 
average  of  approximately  0.21  inch  (5.5  mm.) ;  that  of  the  abdomen  from 
about  0.22  to  0.29  inch  (5.75  to  7.50  mm.),  with  an  average  of  approxi- 
mately 0.23  inch  (6.5  mm.).  The  antennse  are  ii-jointed  but,  owing  to 
the  fusion  of  the  second  and  third  joints,  there  appear  to  be  only  la 
They  are  directed  backward  along  the  sides  of  the  body,  the  last  seven 
joints  resting  curled  together  against  the  wing.  The  wings  extend  back- 
ward and  downward  tmder  the  abdomen,  their  tips  reaching  almost  to 
the  hind  margin  of  the  second  abdominal  segment.  On  each  side  of  the 
dorsum  of  the  prothorax  are  16  small  brown  setae  or  hairs  arranged  as 
follows :  I  long  hair  near  the  middorsal  line  near  the  front  margin,  2  loose 
patches  of  5  smaller  hairs  on  the  middle  portion  of  each  half  of  the  prono- 
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turn,  the  rear  patch  being  opposite  its  lateral  marginal  projection,  the 
remaining  5  hairs  set  irregularly  along  the  middorsal  line  and  the. hind 
margin  of  the  pronotum.  On  the  mesonotum  are  about  25  similar  hairs 
so  arranged  as  to  form  a  V,  the  point  directed  toward  the  tip  of  the 
abdomen.  A  similar  but  larger  V  occurs  on  the  mesothorax.  On  the 
dorsum  of  the  first  two  abdominal  segments  is  a  thick  brush  of  minute 
brown  hairs,  divided  in  the  middle  by  the  median  dorsal  line,  consisting 
of  the  following  numbers  of  hairs:  On  segment  3,  about  44;  segment  4, 
about  22;  segment  5,  about  19;  segment  6,  about  16;  and  segment  7,  about 
10.  A  group  of  similar  setae  occurs  at  the  base  of  each  antenna  and  on 
the  labrum  and  dypeus. 

The  life  of  the  pupa  is  passed  entirely  within  the  sawdust  cell  con- 
structed by  the  borer  in  its  tunnel  in  the  wood.  When  the  pupal  skin 
has  been  cast  and  the  newly  formed  adult  has  hardened  somewhat,  it 
chews  a  circular  hole  through  the  bark  and  emerges  into  the  outer  air. 
The  exit  holes  of  the  adult  beetle  are  almost  perfectly  circular,  and  the 
occurrence  of  such  holes  in  trunk  and  limbs  indicates  the  escape  of 
adults,  not  the  entrance  of  larvae. 


DURATION  OF  THB  PUPAL  STAGS 

The  duration  of  the  pupal  stage,  like  that  of  the  larval  stage,  is  quite 
irregular.  The  extreme  minimum  duration  in  the  specimens  under  obser- 
vation was  5  Aoys,  but  this  occurred  only  in  two  cases.  The  extreme 
maximum  was  73  days.  The  average  duration  of  the  pupal  stage  for  all 
of  the  70  specimens  observed  through  that  stage  was  24  da)^.  The 
complete  records  on  the  duration  of  the  pupal  stage  are  given  in  Table 
III. 

Tablb  III. — Duration  of  the  pupal  stage  of  the  three-lined  fig-tree  borer,  New  Orleans,  La., 

igi4,  igis,  and  igi6 


No. 

Date  of 
pupatioa. 

Date  of 
emergence. 

Donttkm 

of  pupal 

stage. 

No. 

Date  of 
pupation. 

Date  of 
emergence. 

Duratioii 

of  pupal 

stage. 

I 

a 

1914. 

1914. 
Sept.  15 
Sept.  22 
Sept.  14 
Sept.  22 
Sept.  15 
Sept.  29 
Sept.  22 

Sept;' 15' 
Sept.  22 
Oct.     16 

1915. 
May    15 
Tunc     5 
June   16 
Sept.    6 

Day*. 
14 
21 

13 

21 

14 
20 

13 
13 

6 
13 
17 

21 
II 

19 
20 

16 

17        ... 

,  1915- 

Sept.    6 
...do 

Days. 
20 

14 

12 

3 

..do 

18 

10 

^X  " 

4 

...do 

12 

5 

.    do 

*y 

20 

21 

22 

Aug.   27 

! !  .do! .... 

...do 

17 
17 
17 
17 
17 
20 

6 

7 

...do 

...do 

...do 

Sept.  29 

,  1915. 
Apr.    24 
May    25 
May    28 
Aug.    17 

8 

9 

10 

»3 

2C 

...do 

...do 

...do 

...do 

...do 

Sept.  16 

:^£-"; 

Sept.  16 
Sept.  18 

...do 

...do 

11 

12 

13 

al 

29 

^0 

...do 

16 
12 
12 

9 
II 

U 

15 

31 

32 

do 

...do 

II 
II 
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TablB  III. — Duration  of  the  pupal  stage  of  the  three-lined  fig-tree  borer.  New  Orleans ,  La,, 
IQ14,  igis,  and  jpi(^— Continued 


No. 


34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 


Dated 
impfttkn. 


«  ^915- 
Sept.    7 

...do 

...do 


Sept.  18 

\\'Ao.\'.\\ 

...do 

...do 

...do 


Sept.  29 

W'Ao'.V.W 

...do 

...do 

...do 

...do 

..do 

Oct.      9 

..do 

..do 


Date  of 
emergence. 


1915- 
Sept.  18 
...do.... 
...do.... 


.^r 

30 

^t: 

23 

Oct. 

4 

. .  .do. 

Oct. 

13 

Nov. 

IS 

Oct. 

19 

Oct. 

14 

Oct. 

18 

Oct. 

16 

Oct. 

24 

Oct. 

18 

Oct. 

27 

Nov. 

I 

Nov. 

3 

Duratkn 
of  pupal 

stage. 


Maximum. 
Minimum. 
Average. . 


D999. 


II 
II 
II 
12 
12 
5 

16 
14 

47 
20 

IS 
19 
17 
as 
19 
18 

as 


Na 


54... 
55..- 
56... 


57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 


Date  of 
pupation. 


1915- 
Oct.     16 

...do 

...do 

Oct.    25 

IO16. 

Feb.    17 

Mar.    10 

Mar.    31 

..do... 

..do... 

..do... 

..do... 

..do... 

..do... 

Apr.    16 

May    IS 


July    10 
..do 


Date  of 
emergence. 


1915. 
Nov.     8 
...do 

Nov.     12 

Nov.   15 

1916. 
Mar.    31 
May    16 
Jimc   12 

,  ..do 

..do 

..do 

..do 

May  15 
May  25 
May  IS 
July  10 
..do 


July  26 
Aug.  28 


Duratko 
of  pupal 


Deft, 


23 
23 
27 
21 


4a 

67 

73 
73 
73 
73 
73 
45 
55 
29 

56 
56 
16 

49 


73 

5 

24 


THE  ADULT 
DBSCRIPTION 

The  adult  three-lined  fig-tree  borer  (PI.  36)  is  a  long-homed  beetle  of 
the  family  Cerambyddae.  The  body  is  elongate,  the  females  measuring 
from  about  0.86  inch  (22  mm.)  to  i.i  inches  (28  mm.)  long  from  the 
vertex  to  the  tip  of  the  el3rtra,  the  average  length  being  approximately 
I  inch  (25.5  mm.).  The  greatest  width  of  the  prothorax  of  the  female 
is,  on  an  average,  about  0.2  inch  (5.25  mm.),  of  the  metathorax,  across  the 
base  of  the  wing  covers,  about  0.27  inch  (7  mm.). 

The  male  varies  from  about  0.55  inch  (14  mm.)  to  0.82  inch  (21  mm.) 
in  length,  being,  on  an  average,  about  0.75  inch  (19.1  mm.)  long.  The 
prothorax  is,  on  an  average,  about  0.16  inch  (4.08  mm.),  and  the  meta- 
thorax 0.21  inch  (5.4  mm.)  wide.  The  antennae  are  ii-jointed,  nearly 
2yi  times  the  length  of  the  body  (average  2.48  inches).  The  vertex  is 
deeply  and  narrowly  channeled,  the  channel  extending  in  a  distinct 
suture  for  the  length  of  the  Ijead.  The  eyes  are  nearly  divided,  the 
lower  lobe  much  broader  than  the  upper.  Prothorax  cylindrical,  nar- 
rowest in  front.  The  legs  are  slender,  the  fore  pair  the  longest  The 
body  is  broadest  across  base  of  the  elytra,  which  taper  toward  their  tips 
and  end  in  a  short  sutural  spine.  The  first  and  fifth  ventral  segments  are 
longer  than  the  intermediate  ones.    The  general  coloring  of  the  dorsum, 
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owing  to  a  dense  covering  of  fine  appressed  hairs,  is  brown  and  white  in 
longitudinal  stripes.  Two  broad  brown  stripes,  punctuated  with  minute 
orange  tufts  in  longitudinal  rows,  extend  from  antennae  to  the  tips  of 
the  elytra.  A  median  scalloped  white  to  yellowish  stripe  extends  the 
length  of  the  dorstmi,  ending  abruptly  at  the  anterior  margin  of  the  pro- 
thorax,  and  two  similar  lateral  stripes  extend  from  near  the  tips  of  the 
elytra  along  their  margins  to  the  bases  of  the  antennae.  The  integimient 
beneath  the  tomentum  is  a  dark  amber-brown,  finely  punctate.  The 
surface  color  of  the  antennae,  legs,  and  underside  of  the  body  is  dark 
gray  to  brown.  When  first  emerged,  the  general  color  is  a  very  light 
t»own  to  cream-yellow,  with  very  faint  white  stripes. 

FOOD  OF  THB  ADXJLT 

The  adult  beetles  feed  upon  the  tender  bark  of  the  smaller  fig  stems, 
and  in  captivity,  when  fed  with  such  stems  with  the  leaves  attached,  have 
eaten  freely  of  the  leaves.  During  the  fruiting  season  they  also  feed  to  a 
considerable  extent  upon  ripe  and  nearly  ripe  figs.  They  have  been  kept 
in  captivity  for  several  months,  by  feeding  them  leaves,  fruit,  and  bark 
of  the  fig  tree. 

DURATION  OF  ADULT  LIFE 

The  longevity  of  the  adult  three-lined  fig-tree  borer  as  determined 
upon  24  specimens  in  1914-15  ranged  from  a  minimum  of  about  2.5 
months  (75  days)  to  about  7.25  months  (222  days).  About  one-fourth 
of  the  specimens  lived  3  months  or  slightly  longer,  and  the  average 
length  of  life  of  all  was  3.7  months.  The  complete  records  are  given  in 
Table  IV. 

Tablb  rV. — Longevity  of  adults  of  the  three-lined  fig-tree  borer,  New  Orleans,  La.,  igi^-is 


Ntnnber  of  spedmcnt. 


Date  of 


1914. 
June   a  2 

...do 

...do.... 
. .  .do. . . . 


...do 

...do 

Sept.  23 

,  1915- 
Apr.    23 

...do 

May  6 
May  15 
May      6 


Date  of 
death. 


1914. 
Sept.    5 
Sept.  14 
Nov.     2 
Sept.  22 

,  1915 
Tan.    21 
Jan.    30 
..do 


July  31 

Sept.  14 

July  29 

Sept.  14 

Sept.  I 


Duration  of  adult  life. 


Days. 
84 
92 


213 
222 
130 


99 
144 

84 
122 

118 


Total,  24. 
Maximum . 
Minimum. 
Average... 


Months. 
2.5 
2-75 
4.33 
3 


7 

7- 25 
4.33 


3- 25 
4.75 
2.75 

4 
3-75 


7.25 

2.5 

3-75 
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oviPosmoN 

In  ovipositing,  the  insect  usually  stands  with  the  body  parallel  to  the 
axis  of  the  trunk  or  branch,  with  the  head  toward  its  upper  extremity, 
and  makes  a  double  transverse  incision  in  the  bark  with  the  mandibles. 
The  ovipositor  is  then  inserted  into  one  of  the  incisions,  and  the  tgg 
thrust  downward  and  into  the  bark  to  a  depth  of  from  0.125  to  ^-^S  ^^^ 
As  a  rule  a  cut  is  made  in  the  bark  for  every  egg,  but  ^metimes  two  or 
three,  and  rarely  as  many  as  five  eggs  are  deposited  side  by  side.  The 
**egg  bite,"  consisting  of  two  small,  transverse  slits  made  side  by  side  in 
the  bark  by  the  mandibles,  is  usually  the  only  external  evidence  of  the 
presence  of  eggs;  but  on  rare  occasions  the  eggs  are  inserted  so  near  the 
surface  as  to  be  visible  as  slight  elevations  in  the  bark. 

The  preoviposition  period,  or  the  time  elapsing  between  emergence 
and  oviposition,  ordinarily  varied  from  8  to  16  days;  but  in  a  few  speci- 
mens it  was  nearly  a  month.  Most  of  the  specimens  required  8  days. 
The  females  also  lived  from  8  to  26  days  after  they  had  ceased  to  de- 
posit eggs,  but  this  was  in  the  fall  and  winter  when  cool  weather  probably 
retarded  oviposition. 

NUMBER  OP  BGGS  DBPOSITBD 

A  complete  record  of  oviposition  was  obtained  from  nine  insects  in 
1914  and  1915.  Three  of  the  specimens  deposited  approximately  loi 
eggs  each  at  the  average  rate  of  1.5  eggs  each  per  day;  three  more  speci- 
mens deposited  approximately  184  eggs  each  at  the  average  rate  of  i  ^ 
each  per  day,  and  a  seventh  insect  deposited  1 10  eggs  at  the  rate  of  14 
eggs  per  day.  The  remaining  two  females  deposited  approximately  261 
eggs  each  at  the  average  rate  of  2.4  eggs  each  per  day.  The  oviposition 
record  is  given  in  Table  V. 

Table  V. — Oviposition  record  of  the  three-lined  fig-tree  borer ^  New  Orleans,  La.,  IQH 

and  igi5 


Ntnnber  of  spedmens. 

Date  of  be- 

ginning  ovi- 

"  positloQ. 

Date  of  end- 
ing ovipo- 
sition. 

Number  of 

days  of 
oviposition 

Number  of 
egssde- 
podttd. 

9 

I9I4 

June   30 
June   30 

May    22 
Sept  29 

1914 
Sept      4 
Dec.    26 

^1915 
Sept     6 
Dec.    15 

66 
179 

107 
77 

302 

0 • 

2 

553 

0 • 

2 

523 

I ,,, 

1 10 

From  the  foregoing  it  is  seen  that  a  single  female  three-lined  fig-tree 
boier  will  deposit  from  100  to  184  eggs  in  the  course  of  her  life  at  an 
average  rate  of  from  i  to  2.4  eggs  per  day. 
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SEASONAL  HISTORY    • 

Adult  beetles  of  the  three-lined  fig-tree  borer  first  begin  to  emerge  in 
March,  but  it  is  not  until  May  that  emergence  is  well  under  way,  with 
the  beetles  appearing  rapidly.  The  largest  number  of  beetles  appear  in 
September,  and  the  last  specimens  emerge  in  November  or  early  Decem- 
ber. These  late-emerging  beetles  will  deposit  eggs  on  the  warmer  days 
of  winter  till  at  least  as  late  as  January  24.  Fewest  eggs  are  deposited 
in  the  months  from  February  to  April,  inclusive,  and  the  greatest  number 
from  May  to  September,  inclusive.  There  is  no  true  hibernation  period 
in  the  latitude  of  New  Orleans,  but  there  is  a  period  of  comparative 
inactivity  during  the  months  from  December  to  February,  inclusive, 
during  which,  however,  a  slight  amount  of  oviposition  occurs,  and  eggs, 
larvae,  pupae,  and  adults  may  be  found  in  the  fig  wood. 

The  life  cycle,  from  egg  to  adult,  was  passed  by  54  specimens,  or  about 
five-sixths  of  the  number  observed  through  all  stages,  in  the  same 
season  in  which  the  eggs  were  deposited,  their  average  life  cycle  being 
3.5  months.  Ten,  or  about  one-sixth  of  them,  lived/  through  from  May 
to  Jime  of  one  year  to  May  and  June  of  the  following  year,  their  average 
life  cycle  being  11.5  months.  The  generations  are  irregular,  the  hatch 
of  the  eggs  deposited  in  the  months  from  March  to  May  reaching  the 
adult  state  in  the  months  from  June  to  November,  the  hatch  of  a  majority 
of  those  deposited  in  June  and  July  becoming  adults  in  the  months  from 
August  to  November,  inclusive,  and  the  remainder  from  March  to  June 
of  the  foUowing  year. 

CONTROL   OF   THE   BORER 

Since  the  adult  three-lined  fig-tree  borer  does  not  as  a  rule  oviposit 
in  the  perfectly  sound  limbs  or  trunk  of  the  healthy  trees,  the  most 
important  measure  of  control  is  to  keep  the  trees  in  the  healthiest  con- 
dition possible.  The  larger  branches,  i  inch  in  diameter  and  upward, 
and  the  trunk  are  the  parts  particularly  susceptible  to  attack. 

Care  should  be  taken  to  avoid  bruising  the  bark  or  breaking  limbs 
in  cultivating  and  in  picking  the  fruit,  and  the  trees  should  be  shaped 
to  strengthen  them  as  far  as  possible  against  breaking  or  splitting  by 
heavy  winds.  The  work  of  such  diseases  of  the  limbs  as  fig-canker  and 
fig-limb  blight  should  also  be  prevented  as  far  as  possible. 

When  a  branch  is  accidentally  broken,  it  should  be  immediately  cut 
off  smooth  at  its  juncture  with  the  larger  branch  or  tnmk  and  the 
wound  painted  with  a  mixture  of  five  parts  of  coal  tar  and  one  part  of 
creosote.  At  least  a  second  and  possibly  a  third  coat  should  be  ap- 
plied when  the  preceding  coat  is  dry. 

It  is  important  to  prevent  the  first  branch  of  a  tree  from  becoming 
iitfested,  as  one  infested  and  d3dng  branch  will  invite  further  attacks 
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upon  the  trees.  When  a  branch  has  become  infested,  it  should  be  re- 
moved and  burned,  as  the  borers  will  complete  their  development  even 
in  perfectly  dead  and  dry  wood  and  later  infest  other  trees.  Fig-wood 
prunings  should  always  be  destroyed,  and  never  allowed  to  remain  long 
in  or  near  the  orchard. 

Freezing  of  the  bark  is  likely  to  be  followed  by  borer  attack  in  the 
branches  affected,  and  such  branches  should  therefore  be  cut  oflF  and 
the  surface  of  the  cut  painted  as  above  recommended.  When  the  bark 
becomes  diseased  or  bruised,  the  affected  area  should  be  removed  with 
a  sharp  knife,  cutting  square  across  to  the  sound  wood,  and  coating  with 
a  protective  paint  so  the  bark  will  heal  perfectly. 

Trees  already  heavily  infested  with  borers  in  the  trunk,  may  as  well 
be  at  once  cut  down  and  every  scrap  burned,  as  it  will  be  practically 
impossible  to  save  them  and  they  will  be  a  source  of  infestation  and  a 
menace  to  the  healthier  trees.  Trees  which  are  split  through  the  head, 
those  which  are  in  a  dying  condition  from  any  cause,  and  the  volunteer 
trees  which  so  persistently  spring  up  from  the  roots  of  some  varieties 
of  older  fig  trees  grown  in  southern  Louisiana,  should  also  be  cut  down 
and  burned. 

While  it  is  best,  where  the  infestation  occurs  only  in  certain  branches, 
to  remove  the  infested  branches  entire,  the  borers  may  be  dug  out  of 
highly  prized  individual  trees  if  the  infestation  has  not  progressed  too 
far  and  its  area  is  limited.  Some  good  may  also  be  accomplished,  in 
such  cases,  by  destro3dng  the  eggs  with  a  knife  or  an  awl.  It  would 
first  be  necessary,  however,  to  become  familiar  with  the  appearance  of 
the  ^gg  punctures  and  eggs.  Yard  trees  should  first  of  all,  of  course, 
be  kept  in  a  healthy  condition  in  order  to  prevent  attack  by  the  borers. 
Oviposition  may  largely  be  prevented,  in  the  case  of  a  few  yard  trees, 
by  insheathing  the  trunk  and  larger  branches  with  wire  netting.  The 
screen  would  have  to  be  kept  in  place  practically  throughout  the  year. 

The  borers  in  some  cases  may  be  killed  by  injecting  carbon  bisul- 
phid  into  the  tunnels  and  plugging  the  openings  with  putty,  but  this 
method  is  impracticable  where  the  infestation  is  severe  and  well 
advanced. 
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PLATE  35 
Ptychodes  triUntatus:  Immature  stages 


2gg.     X8. 

— Full-grown  larva.     Xa. 

.—Pupa.     X2. 
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PLATE  36 
Ptychodes  trilineatus:  Adult 


A.— Female.    Xa. 
B.— Male.    X2. 
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Ptyckodes  trilineatus: 

ding  injury  of  the  larva. 

id  fig  tree,  showing  injury  by  the  three-lined  fig-tree  borer  and  other  boring 
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A  STATISTICAL  STUDY  OF  BODY  WEIGHTS,  GAINS,  AND 
MEASUREMENTS  OF  STEERS  DURING  THE  FATTEN- 
ING PERIOD^ 

By  B.  O.  Sbvbkson,  Associate  Professor ^  and  Paul  Gsrlauoh,  Instructor,  The  De- 
partment of  Animal  Husbandry^  Pennsylvania  State  Collge  Agricultural  Experiment 
Station 

INTRODUCTION 

The  necessity  of  judging  beef  cattle  on  a  more  scientific  basis  than  is 
found  in  authoritative  texts  on  the  subject  seems  essential.  Judgment 
in  general  is  based  on  the  merits  of  beef  animals  gathered  from  empirical 
results,  and  there  exists  little  data  on  which  scientific  selection  can  be 
made.  This  necessity  exists  not  only  for  the  selection  of  breeding 
animals  but  for  the  selection  of  beef  cattle  purchased  as  ''feeders." 
In  the  case  of  dairy  cattle  and  the  speed  horse  records  of  performance 
are  available,  and  no  one  disputes  their  value  as  a  means  of  selecting 
animals  of  merit.  The  feeder  of  beef  cattle  knows  that  breeding  is 
important  and  gauges  his  selection  by  color  markings,  size,  weight,  form, 
sex,  and  condition.  None  of  these  are  definite  except  sex;  the  rest 
are  determined  by  observation,  and  judgment  is  made  accordingly. 
Mitchell  and  Grindley,'  of  lUinois,  have  shown  clearly  that  the  selection 
of  live  stock  for  experimental  purposes  in  many  feeding  experiments 
throughout  the  country  has  probably  been  the  cause  for  the  large  experi- 
mental errors  that  these  investigations  show. 

Is  there  any  method  of  selection  that  can  be  used  by  experimenters 
and  farmers  to  determine  more  accurately  the  probable  gains  in  live 
weight  and  finish  of  beef  cattle  under  a  uniform  system  of  feeding  and 
management.  At  present  the  only  real  definite  measurement  used 
in  the  selection  of  steers  for  experimental  purposes  in  feeding  is  live 
weight,  while  the  judgment  of  the  experimenter  is  employed  in  estimat- 
ing uniformity  of  condition,  general  form,  and  quality.  As  shown  in 
Table  II  of  this  paper,  there  is  no  correlation  between  live  weight  and 
the  gains  in  live  weight  of  steers  fed  during  a  fattening  period  of  140 
days.  What  then  can  be  used  as  a  measure  of  determining  probable 
gains  and  lowering  the  probable  error  caused  by  individuality  of  animals 
used? 

OBJECTS  OF  THE  INVESTIGATION 

This  paper  does  not  attempt  to  answer  these  questions,  but  has  as  its 
object  the  presentation  of  information  of  a  nature  that  may  assist  others 

>  Preaented  by  rmnliBtion  oC  the  Dean  and  Director  of  the  School  of  Agricnlture  and  Agricaltnral  Bx- 
perimcnt  Statioo  ol  The  Peansylvania  SUte  College. 

>  Mrcbsu.,  H.  H.,  and  Oundlsy.  H.  S.  ran  blbmbnt  of  UNCBRTAiNTr  m  ths  nrntsPKBTATKnr 
Of  mDOfo  sxmncBNTS.    in  UL  Agr.  Bzp.  Sta.  BuL  165,  p.  4S9-S79*  8  fig.    Bibliography,    p.  578-579. 
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in  making  their  solution  possible.  A  series  of  body  measurements  were 
made  of  steers  at  the  beginning  and  close  of  feeding  experiments  for 
three  consecutive  years.  With  these  data  a  starting  point  for  further 
statistical  study  is  made  possible.  One  object  of  this  paper  is  to  show 
the  average  body  measurements  of  2-year-old  steers  at  the  beginning 
and  dose  of  the  fattening  period  caused  by  fattening  and  the  relation- 
ship of  other  definite  body  measurements  to  each  other,  and  to  note 
those  measurements  that  could  be  used  in  selection  as  a  means  of  re- 
ducing the  experimental  error  in  feeding  experiments  and  a  study  of 
variation  in  the  measurements  themselves.  Another  object  is  to  show 
the  correlation  of  gains  to  initial  body  measurements  and  to  changes 
in  body  dimensions. 

MATERIAL  USED 

During  the  winter  months  of  1914-15/  1915-16,'  and  1916-17,'  72 
steers  were  divided  into  seven  lots  each  year,  a  total  of  216  animals. 
These  steers  were  relatively  uniform  as  feeders,  varjdng  in  market  grades 
from  "fair"  to  "choice,"  themajority  being  "good"feeders.  Thesemarket 
grades  of  "fair,"  "good,"  and  "choice"  feeders  are  illustrated  respectively 
in  figures  A,  B,  and  C  of  plate  38.  In  a  total  of  207  animals  used  in  this 
study  on  which  records  were  made  of  breeding,  as  shown  by  color  of  hair, 
92  were  Hereford  grades,  84  were  Shorthorn  grades,  18  were  Aberdeen- 
Angus  grades,  7  were  Shorthorn  X  Hereford  crosses,  3  were  Shorthorn  X 
Aberdeen- Angus  crosses,  and  3  were  Hereford  X  Aberdeen- Angus  crosses. 
In  no  case  did  a  steer  fail  to  show  some  infusion  of  improved  beef  Uood. 
The  average  initial  weight  of  the  216  steers  was  900.112  pounds  with 
700  and  1,300  pounds  as  extremes.  The  steers  were  as  uniform  in 
quality,  weight,  and  condition  as  would  ordinarily  be  obtained  for  feeding 
purposes.  Each  year  60  steers  were  divided  into  five  lots  of  12  each, 
selected  with  as  much  care  for  uniformity  of  weight,  breeding,  condition, 
and  quality  as  possible. 

The  feeding  of  these  various  lots  was  done  with  rations  affording  very 
nearly  the  same  opportunity  for  gains  in  live  weight  and  condition  of 
flesh  for  marketing.*  From  the  entire  group  of  72  steers  each  year  12 
"choice"  feeders  were  selected  (PI.  38,  C).  These  12  steers  were  fed  to 
"prime"  condition  and  sold  as  "prime"  steers.  The  60  steers  sold  as 
"good"  steers.  The  feeding  period  in  all  cases  was  140  da3rs,  except 
those  considered  in  Table  II;  and  the  measurements  were  made  within 
two  or  three  days  of  the  beginning  and  the  dose  of  the  feeding  period. 
Table  I  includes  all  records  for  the  three  years,  while  the  correlation 
tables  (II-VIII)  include  the  data  collected  during  the  first  two  years. 

>  TcncBAys,  W.  H..  and  Ssvsrbon,  B.  O.   body  ksasdrbmsnt  o9  stssba.   In  Pa.  Agr.  Bxi>.  Stt. 
Ann.  Rpt.»  xgiV^S*  P*  x8fr-ao8.    19x6. 

*  SSVBKSON,  B.  O.,  and  OZKUJSQB^  Pan!,    body  xbasukbhsnt  or  sTsmts.    In  Pa.  Agr.  Bxp.  Sta. 
Ann.  RpL,  x9X5/x6.    (In  prcaa.) 

» and  BSNTLSY.  P.  I*,    body  mbasuksmsnt  o»  btbbrs.    In  Pa.  Agr.  Exp.  Sta.  Ana. 

Rfyt  X9X6/X7.    (Not  yet  pnbliahed.) 

*  ToMHAVS,  W.  H.,  Sbvbrbon.  B.  O..  and  Gbriuiugb.  Panl.    stbbr-vbbooio  bxfbiimsnts.   Ft- 
Agr.  Bxp.  Sta.  BnL  X45,  p.  X7.    X9X7. 
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METHOD  OF  TAKING  MEASUREMENTS 

All  measurements  taken  are  indicated  in  Table  I.  The  initial  and 
final  weights  were  averages  of  individual  weights  taken  on  three  con- 
secutive days  at  the  beginning  and  close  of  the  experiments.  All  body 
measurements  except  circumferences  were  made  with  the  steel  calipers 
shown  in  Plate  39,  A.  To  the  vertical  standard,  which  was  graduated 
in  inches,  were  attached  two  movable  horizontal  crossbars.  Ail  circum- 
ferences were  measured  with  a  steel  tape  graduated  in  inches  (PI.  39,  B). 

The  steers  were  tied  and  placed  on  a  level  wooden  floor  while  being 
measured.  Owing  to  their  restlessness,  some  of  the  measurements  were 
difficult  to  obtain,  especially  those  of  the  head.  The  measurement  of 
length  of  neck  was  discontinued  after  the  second  year  because  of  the 
impossibility  of  getting  correct  position  and  dimensions.  The  distance 
from  hock  to  ground  was  another  measurement  which  possessed  a  large 
experimental  error.  The  probability  of  error  in  measurements  is  a 
factor  not  considered,  thus  necessitating  a  larger  number  of  measurements 
to  reduce  the  probable  error. 

METHOD  OF  CALCULATION  > 

The  method  of  calculation  in  the  tables  presented  were  as  follows:* 

2D*f 
The  mean    was  obtained   by  the    following    formulae:  A— hif. 

The  standard  deviation  was  calculated  as  follows:  a*— -^L-i — L/— i~_2_ 

n  n 

The  coeflScient  of  correlation  coef5cient  was  worked  by  the  formulae: 

naxay 

The  coefficient  of  variation  was  obtained  as  follows :  C  »  -  X 100  per  cent. 

a  '^ 

The  probable  error  in  each  was  determined  as  follows: 
Probable  error  of  mean:  Ea «  ±0.6745-7=; 

Probable  error  of  standard  deviation:  Ec—  ±0.6745-7=; 

(i-f*) 
Probable  error  of  coefficient  of  correlation:  Er—  ±0.6745-^^ — j=-^\ 

yn 

C 
Probable  error  of  coefficient  of  variation :  Ec  —  ±0.6745-7=. 

-V2n 

*DATKMrOKT,   C    B.     STATXSnCAL  KBTHODS,    WITH    8PSCIAX,  mSVERSNai  TO  BXOIiOQXCAI,  VASIAHON. 

cd.  3.  p.  xa-xs,  44-45.    New  York  and  I/mdon,  X9X4- 

'KSTTOrOBMUUB: 

•"■SCandaid  deviation ;  z—  Character  classified  in  vertical  columns; 

r^CoeflBdcnt  of  correlatioii;  y^Character  classified  in  horizontal  row; 

C«Coeflkient  of  variatioo;  D  i—  Deviation  from  assumed  mean. 

•-Popolatioa;  /—Frequency. 
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TablS  I. — Average  initial  and  final  measurements  of  2-year-old  steers  fattened  for  nutrktl 
during  a  140-day  feeding  period 


Measarement. 


Weight. 


Width  of  head 214 

Length  of  head 214 

Length  of  neck 103 

Width  of  shoulders 214 

Width  of  front  flank 214 

Width  of  patinch 214 

Width  of  rear  flank 154 

Width  of  loin 209 

Width  of  hips 202 

Width  of  thurlso 209 

Buttock  to  hip 214 

Depth  of  chest 154 

Shoulder  point  to  ground 214 

Chest  to  ground 214 

Hind  flank  to  ground 214 

Hock  to  ground 142 

Withers  to  ground 214 

Hips  to  grotind 202 

Shoulder  to  buttock 214 

Circumference  of  chest 2x4 

Circumference  of  patmch 214 

Circumference  of  hind  flank |  214 

Circumference  of  muzzle 141 


Initial 
uranent. 


Num- 
ber of 
steers. 


216 


Average. 


Pounds. 
90a  iia 

Indus. 

8.832 
19.  411 
19.  163 
16.  41a 

16.  378 
23.  612 

19-  527 
13- 984 
17.662 

17.  204 
18.366 
26.  730 

33'  033 
22.  876 
29. 128 

20.795 
49.224 

50-855 
53- 763 
73. 014 
80.256 

71-364 
17.198 


Final 


Num- 
ber of 
steers. 


216 

216 
216 
72 
ai5 
216 
216 
216 
216 
216 

215 
2X6 

2X6 
2X6 
2X6 

204 

2X6 

2x4 

216 

2X6 

216 
216 

143 


Average. 


Pounds. 
I,  188.  398 

Inches. 
9.  112 
X9.892 
2a  990 

18,459 
X8.358 
26.  xox 

22.744 
15-  958 
19-254 
18.533 

19. 622 

27-789 

34-3" 
23. 013 
3a  202 
2a  9x4 
53- 870 
52. 4" 
57-988 

88.30X 
78.685 
17-  930 


Difference 
in  meas- 
urements. 


Pounds. 
288.286 

.280 
.48X 
1.827 
2.047 
X.980 
2.489 
3-217 
1-974 
1-592 
1-329 
1.256 

1.059 
1.278 

.237 
1.074 

.XX9 
4.646 
1-556 
4.225 
4.680 
8.045 
7-321 

.832 


Per- 


•«e 


32.02 

3.16 
3.48 

9-53 

xa.43 
13.08 
10.54 
26.43 
X4.n 
9.01 
7.73 
6183 

^t 
3-86 

1.03 

3.68 

-57 

1.8} 
6140 
laoa 
ia35 

4.83 


a  Hip  joint. 

These  216  steers  used  during  the  three  years  of  1914  and  1917,  indu- 
sive,  were  2-year-olds,  averaging  in  weight  900.112  pounds  as  "feeders" 
and  1,188.398  pounds  as  market  animals,  and  gained  at  the  rate  of 
2.058  pounds  daily  for  140  da)rs.  Although  the  steers  were  divided 
into  six  lots  each  year,  they  were  in  all  cases  finished  into  market  steers 
varying  from  "  medium  "  to  "  choice,"  the  greater  proportion  being  graded 
as  "good"  steers. 

The  following  average  initial  measurements  show  a  marked  simi- 
larity: the  length  of  head,  length  of  neck,  and  width  of  rear  flank,  which 
vary  from  19.163  to  19.527  inches;  the  width  of  shoulder  and  front 
flank  differ  by  only  0.034  ioch;  the  hips  and  thurls  (hip  joint)  in  width 
are  17.682  inches  and  17.204  inches,  respectively;  and  dicumference 
of  the  body  in  the  region  of  the  chest  and  hind  flank  are  73'OH  ^ 
71.364  inches,  respectively.  The  height  at  the  withers  of  a  "feeder" 
steer  is  1.631  less  than  the  height  at  the  hips.  The  length  of  body  from 
shoulder  point  to  buttock  is  only  2.908  inches  greater  than  the  greatest 
height  at  the  hips. 
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• *  » 

The  average  measurements  at  the  conclusion  of  the  fattening  period 
show  similarity  as  follows:  The  length  of  head,  width  of  hips,  and  dis- 
tance of  buttock  from  hips  varying  within  0.638  inch  of  each  other; 
the  width  of  shoulder,  front  flank,  and  thurls  are  almost  identical;  and 
the  circumference  of  the  chest  and  hind  flank  are  more  alike  than  their 
initial  measurements.  The  height  has  increased  more  at  the  withers 
than  at  the  hips;  thus,  a  2-year-old  steer  changes  his  greatest  height 
from  the  hips  to  the  withers  while  receiving  market  condition.  In 
circumference  the  increase  was  greater  for  the  hind  flank  than  for  the 
chest;  thus,  the  greater  circumference  of  the  chest  at  the  initial  measure- 
ment becomes  less  than  the  circumference  of  the  hind  flank  in  the  fin- 
ished steer.  In  fattening,  the  greatest  width  at  paunch  and  the  greatest 
depth  of  body  at  the  chest  become  more  nearly  alike,  as  shown  by  a 
difference  of  3.1 18  inches  at  the  initial  measurement  and  1.688  inches 
at  the  concluding  measurement. 

In  all  cases  the  difference  between  the  initial  measurement  and  the 
final  measurement  shows  an  increase  in  dimensions  due  to  deposition  of 
fat,  muscular  development,  and  growth.  The  regions  of  the  body  cov- 
ered by  the  greatest  amount  of  muscular  development  show  greater  in- 
creased dimensions  than  those  having  less  muscular  covering.  In  the 
regions  where  the  growth  would  show  the  greater  relative  influence  the 
least  changes  take  place  as  shown  in  the  width  of  head,  length  of  head; 
disttece  from  chest  to  ground  and  hock  to  ground.  The  greatest  in- 
crease in  width  took  place  in  the  hind  flank  rather  than  in  the  paunch, 
where  it  would  seem  natural  to  have  the  greatest  increase  because  of  feed 
capacity  and  condition.  The  thick  layer  of  flesh  and  fat  deposits  in  the 
region  of  the  hind  flank,  together  with  the  distention  of  this  region  of 
the  body  in  a  fattened  steer,  are  responsible  for  the  greater  width  in  this 
part  of  the  body.  The  width  of  loin,  hips,  thurls,  shoulders,  and  front 
flank  shows  changes  in  dimensions  caused  mainly  by  increased  condition 
of  flesh. 

The  increase  in  height  at  the  withers  of  4.646  inches  is  not  all  due  to 
growth  alone,  a  larger  portion  of  this  increase  being  caused  by  the  flesh 
covering  over  the  withers  and  the  deposition  of  fat  in  the  muscular  tis- , 
sues  of  the  shoulder  region.  The  fat  deposit  and  muscular  development 
causes  the  shoulder  blade  to  be  held  more  rigidly;  thus,  the  body  in  the 
chest  region  rises  between  the  shoulder  blades,  as  indicated  by  the  greater 
distance  between  the  withers  and  the  upper  border  of  the  shoulder  blade. 
The  greatest  change  in  the  body  measurements  was  the  circumference  of 
the  paunch.  This,  however,  was  proportionately  less  than  the  increase 
(rf  7.321  indies  in  circumference  of  the  hind  flank.  The  fact  that  the 
distance  of  diest  to  ground  and  hind  flank  to  ground  did  not  show  greater 
difference  was  due  to  the  lowering  of  the  flank  by  deposition  of  fat  in 
that  region  and  the  fat  covering  over  the  region  of  the  chest.  The  region 
15754*>— 17 3 
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of  the  body  possessing  the  most  valuable  eatable  parts  on  the  whole  are 

affected  most  in  the  fattening  process. 

The  percentage  of  increase  of  the  final  measurements  as  compared 

the  initial  measurements  shows  that  increased  weight  was  32.02 

:^nt,  the  greatest  increase  of  all  measurements.    The  measurements 

showed  more  than  10  per  cent  increase  were  width  of  shoulder, 

t  flank,  paunch,  rear  flank,  loin  and  circumferences  of  paunch  and 

flank.     Those  which  increased  from  5  to  10  per  cent  were  as  fol- 

:  Length  of  neck,  width  of  hips,  width  of  thurls,  distance  from  buttock 

[p,  height  at  withers,  distance  from  shoulder  point  to  buttock,  and 

imference  of  chest.     Measurements  that  showed  less  than  5  per  cent 

jase  were :  Width  and  length  of  head,  depth  of  chest,  distance  from 

Ider  point  to  ground,  from  chest  to  ground,  from  hock  to  ground, 

L  hip  to  ground,  and  the  circumference  to  muzzle.    Thus,  again  it 

en  that  the  greatest  relative  changes  in  body  dimensions  occur  in 

egions  affected  most  by  deposition  of  fat  and  muscular  development. 

CORRELATION   TABLES   (II-VI) 

le  following  correlation  tables  (II-VI)  are  presented  as  illustra- 
;  of  the  methods  used  in  obtaining  the  facts  presented  in  Tables 
and  VIII. 

8  II. — Correlation  of  average  daily  qain  of  steers  during  a  feeding  period  of  120  it 
140  days  and  the  weight  at  the  beginning  of  the  feeding  period 


Inidal  weight  per  steer  (pounds). 

f  gain  (pounds). 

1,300 

1. 250 

1. 300 

1.X50 

1. 100 

1.050 

z,ooo 

950 

I 

900 

8so 

800 

75© 

I 
0 



I 

I 

4 

I 

I 
2 
I 

2 

3 

2 

5 
4 
4 
5 
5 
4 
2 

I 
2 
8 
7 
7 
7 
3 
4 
4 
I 

I 
4 

II 
4 
9 

II 

5 
10 

2 
2 
2 

2 
I 

7 

X? 
10 

4 

I 

I 

^6 

I 

3 

7 

I 
2 

II 

20 

I 

I 
2 
3 
3 

2 
2 

2 

47 

4  i     5 
9      12 

9       7 
4       5 
7        I 

2  '.     I 
I  ;     I 

^6 

' 

2  !    6^ 

6 

4 

I 
I 

63 

32 

Zl 
22 

I 

2 

a 

5 

.... 

I 

3 

, 

Total 

I 

4 

3 

10 

9 

13 

34 

45 

61 

56 

46 

39 

17  j  Zi^ 

Mean  live  wei^t pounds. .  893. 93     ±3. 94 

Mean  daily  gain do 1.95     ±.016 

Standard  deviation  of  live  weif^ht do 106.  88     ±2.  77 

Standard  deviation  of  daily  gam do 446  ±  .  on 

Correlation o364±  .  0366 
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According  to  the  literature  cited,*  there  is  some  difference  of  opinion 
as  to  the  average  daily  gain  of  steers  of  different  ages  which  in  reality 
is  a  difference  in  live  weight,  because,  other  things  being  equal,  a  steer 
when  2  years  old  will  weigh  more  than  a  yearling.  Table  II  shows  a 
correlation  of  0.0364,  with  a  probable  error  of  ±0.0366.  The  popula- 
tion includes  338  steers  fed  at  The  Pennsylvania  State  College  during 
eight  years.  The  correlation  shows  that  there  is  no  relation  between 
the  daily  gain  which  may  be  expected  from  various  weights  of  feeders 
of  a  fairly  dose  range  in  age  and  condition. 

TablB  III.— Correlation  of  the  initial  circun^erence  of  chest  of  steers  with  gain  in  live 
weight  during  a  i40-4ay  feeding  period 


Gamin 

weight 

(pounds). 

Initial  drcumlercnce  of  dicst  (indies). 

78 

77 

76 

75 

74 

73 

7a 

7« 

70 

69 

68 

67 

66 

6s 

64 

63 

6a 

6z 

60 

ToteL 

410. 

I 

X 
X 

3 

X 
X 

I 

X 

2 

390 

^70 

I 

I 
I 
2 
3 

4 
4 

X 

X 
X 

2 

a 

X 

3 

I 

X 
2 

4 

I 

1 
2 

X 
X 

4 
8 

3 

I 
2 

X 

X 

ICO 

X 

X 
X 

2 
X 
X 
X 
X 

10 

WO 

X 

X 

2 
2 

4 
3 

X 

2 

2 
2 
X 

2 
2 
2 

I 

3 
2 

3 
3 

X 

X 
X 

t8 

110 

I 

x8 

200 

a 

X 

2 

25 

270 

X 

I 

X 
X 
X 

2C0 

X 

X 

X 

a 
a 

2W 

II 

210 

6 

190 

X 

5 

3 

I 

170 

X 

X 

150 

X 

Total.... 

X 

0 

4 

4 

9 

13 

IS 

XX 

23 

16 

12 

13 

9 

3 

4 

3 

I 

0 

X 

14a 

Mean  gain I>otmds..  288.87  ±3.06 

Mean  circumference  of  chest inches. .     69. 824±a  22X 

Standard  deviation  of  gain I>ounds. .     54.  i8o±2. 168 

Standard  deviation  of  circumference  of  chest. .  .inches. .      3. 9x0^0.  015 
Correlation 238±o.  053 

The  draimference  of  chest  as  an  indication  of  the  ability  of  a  steer 
to  make  rapid  gains  is  indicated  here  by  the  correlation  0.238  ±0.053. 
The  spring  of  rib  and  depth  of  chest  are  regarded  as  indications  of  rapid 
gains  by  buyers.  The  circumference  of  the  chest  is  of  greater  importance 
than  the  width  or  depth,  as  shown  by  these  results. 

^HsRRY,  W.  A.,  and  Mobxxson,  P.  B.    texoe  and  vssdino.    ed.  15.  p.  451.    Madison.  Wis.,  19x5. 
Wou*  P.  W.   PBOOUCnm  n»oiNO  09  vakm  anhcaia   p.  958.    Pluladdphia  and  I.ondon.  Z9X5. 
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Tabls  IW .—Coff elation  of  increase  of  circunrference  of  chest  and  gain  in  live  leeigki  oj 
steers  during  a  i^Chday  feeding  period 


Gain  in  weight 

Increase  in  drcnmierenoe  of  dicst  (indies). 

(pounds). 

xa.5 

".5 

10.5 

95 

8.5 

7-5 

6.5 

ss 

4.5 

3.5     1     a.S 

ToUL 

4"S 

«87.^ 

I 

I 
I 
2 

5 
2 

3 

I 

2 

I 
2 

3 

5 
5 

2 

3 

2 
2 
6 

3 
7 
4 
4 

3 

I 
I 

I 
I 
4 
4 
6 
4 
4 
2 

I 



6 

'*"'••> 

362.5 

337-5 

912. C     ... 

...'. 

3 

I 

9 
20 

2 

5 
4 
3 
8 

I 

I 

3"o 

287-5 

262.5 

217. c 



I 

2 

I 

38 

I 

x6 

I 

21 

aia.c 

I 

3 

I 

2 

I    1 

8 

187. < ' 

6 

162.5 

I 

3 

Total... 

3 

5 

15 

21 

33 

26 

24 

8 

4 

2 

I 

143 

Mean  {;ain pounds. .  288.  5  ±3.  loi 

Mean  increase  in  chest  circumference inches. .      8. 13 ±0. 105 

Standard  deviation  in  gain pounds. .     54.  77  ±2. 193 

Standard   deviation  of   gain  in  chest  circumference, 

inches x.  87  ±0. 074 

Correlation 46o±a  044 

The  increase  in  the  circumference  of  the  chest  varied  from  2.5  to 
12.5  inches,  most  of  the  steers  showing  an  increase  of  6.5  to  9.5  inches. 
Table  II  shows  that  the  steers  having  a  large  increase  in  the  circumference 
of  the  chest  have  been  those  steers  that  had  made  the  greatest  daily 
gains.  (It  is  true  that  the  more  a  steer  gains  the  greater  is  the  amount 
of  covering  of  flesh  over  the  ribs  or  around  the  chest  circumference.) 

TablB  V. — Correlation  of  the  initial  width  of  the  thurls  with  the  gain  in  live  weight  sf 
steers  during  a  Z40-day  feeding  period 


(kdn  in  weiglit 

Initiia  widtli  of  thurls  (indies). 

(pounds). 

.a.5 

X9.7S 

I9.as 

18.75 

x8.a5 

X7.7S 

i7.as 

X6.75 

Z6.95 

1575 

rS'S 

Total 

A12.K 

I 
I 

I 

'*"■»> 

387.5 

^oa.c 

z 

X 

I 

I 
I 

3 

I 

4 

I 
I 
z 
I 

5 

2 

5 

2 

7 

z 

5 

z 

3 

7 

2 

7 

4 
6 

z 

z 

2 

3 
4 

4 
2 

z 

3 

4 
5 

2 

4 

2 

8 

«17,e 

Z 

z 

z 

2 
2 

I 

21 

^12. C 

I--        - 

6 

19 

087.^ 

2S 

262.^ 

2 

I 
2 

2 

I 

I 

x6 

2^7.1; 

21 

ai8.5 

»f7-S 

T02.C 

8 

2 

1 

6 

z 

3 

Total... 

I 

3 

6 

ID 

14 

23 

•30 

17 

2Z 

9 

a 

136 

Mean  gain pounds. .  285. 48  ±3-  097 

Mean  width  of  thurls inches. .  Z7. 36  ±0. 059 

Standard  deviation  of  gain ix>tmds. .  53.  55  ±2.  Z85 

Standard  deviation  of  width  of  thurls inches . .  z.  03  ±0. 041 

Correlation *. .  .  224^01 054 
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The  width  of  the  thurls  is  shown  here  to  be  a  measurement  which 
should  be  given  considerable  emphasis  in  foretelling  the  gaining  capacity 
of  steers.  It  is  a  measurement  which  usually  is  overlooked,  but  the 
correlation  shows  that  it  is  more  important  than  many  measurements 
usually  regarded  as  especially  important. 

TablS  Yl.—Correlaiion  of  th€  initial  distance  from  chgst  to  ground  with  gain  of  sUers 
during  a  J4CHiay  feeding  period 


GBinin  wd^t 
(pounds). 


Distance  from  dicst  to  ground  (inches). 


18.5 


t3«5        M-S        as- 5      TotaL 


413.5. 
387-5- 
362.5. 
337-5- 
3".5- 
287.5- 
262.5. 

237.5- 
212.5. 

187.5- 
162.5. 


Total. 


z  I 

2  I 

2    

2  2 

3  6 

2    

2  I 

4    


2 

6 

9 

23 

20 

28 

16 

21 

8 

6 

3 


32 


38 


36 


18 


142 


Mean  gain pounds. .  288.  55  ±3.  loz 

Mean  distance  from  chest  to  ground inches. .    22. 89  ±0.  066 

Standard  deviation  (tf  sains pounds..     54.77  ±2.192 

Standard  deviation  of  distance  from  chest  to  ground, 

inches z.  18  ±0. 047 

Correlation o77±a  056 

The  distance  from  chest  to  grotmd  does  not  show  sufficient  correlation 
with  the  gain  to  become  an  important  factor  in  determining  the  choice 
of  "feeder"  steers,  as  shown  by' these  results. 

The  results  shown  in  Table  VII  are  based  on  data  collected  on  steers 
during  the  two  winter  periods  of  1914-15  and  1915-16.  All  measure- 
ments considered  in  this  table  are  initial  measurements,  except  those 
that  show  increases  of  dimensions  at  the  dose  of  the  fattening  period 
as  compared  with  initial  measurements.  The  coefficient  of  variation  is 
shown  to  be  greatest  on  increases  in  circumferences  of  hind  flank,  paunch, 
and  chest,  and  the  increase  of  gains  in  live  weight. 

These  measurements  all  relate  to  increased  dimensions  and  occur  in 
those  parts  of  the  body  that  show  relatively  high  percentage  increase 
over  initial  body  measurements  (Table  I). 

Of  the  initial  measurements  the  greatest  coefficient  of  variation  is 
n.9±o.04  per  cent  for  initial  live  weight. 

In  all  the  chest  measurements  the  coefficients  of  variation  are  rela- 
tively high:  Width  at  point  of  shoulder  9.3 ±0.52,  vndth  of  fore  flank 
io.4±o.6,  depth  of  chest  6.1  ±0.34,  and  circumference  of  chest  6.9 ± 
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0.39.     Likewise  the  mid  and  posterior  regions  of  the  body  show  varia- 
tions, the  rear  flank  with  a  coefficient  of  variation  of  8.7  ±0.48,  circumfer- 
ence of  rear  flank  6  ±0.34,  width  of  loin  7.5  ±0.43,  width  of  thuris  5.9 ± 
0.34,  circumference  of  paunch  11^:0.62,  and  distance  of  hip  to  buttock 
5.2  ±0.29. 
The  measurements  affected  most  by  growth  show  the  least  variations 
1  include  the  distance  of*  shoulder  point,  rear  flank,  and  withers  from 
:  ground,  length  of  head,  and  distance  of  shoulder  point  to  buttock, 
general,  Table  VII  shows  the  greatest  variation  in  those  regions 
the  body  which  change  most  in  a  fattening  steer  and  those  regions 
icted  most  by  deposition  of  fat  and  development  of  muscular  tissue. 

3LB  VII. — Means,  standard  deviations,  and  coefficients  of  variations  shown  in  corre- 
lation tables 


of 

St. 


38 
38 

42 
37 
♦a 
42 
42 
4a 
36 
♦2 
♦2 


42 
42 
42 
38 


Average  daily  jg;ain pounds. 

Initiaflive  weight do. . . 

Total  gain  in  live  weight. .  .do. . . 
Increase    in    drcunuerence    of 

chest indies. 

Width  of  rear  flank do. . . 

Circumference    of    rear    flank, 

inches 

Height  of  shoulder  point,  .inches. 

Height  of  rear  flank do — 

Distance,  hip  to  buttock. .  .do. . . 

Width  of  loin do. . . 

Circumference  of  chest.  . .  .do. . . 

Depth  of  chest do — 

Width  of  fore  flank do. . . 

Distance  chest  to  grotmd. .  .do 

Width  of  thuris do. . . 

Length  of  head do . . . 

Length  of  shoulder  to  buttock, 

inches 

Increase    in    circumference    of 

paunch inches . 

Height  at  withers do. . . 

Width  at  point  of  shoulder. .  do . . . 
Circumference  of  paunch. .  .do. . . 
Increase  in  circumference  of  rear 

flank inches. 


Mean. 


1. 93  ±  a  016 
893-93±3-94 
288.  S5±3- 10 


8.i3± 
i9-aS± 


72. 76±  .25 
34.  xo±  .  08 
30-23±  .09 
i8.69±  .05 
i3-9^±  'O^ 

69.  83i:   .32 

25.  77±  .  08 
i5.02db  .08 
22. 89^:  .06 
i7.36±  .05 
19-53^  -04 


55-  66±  .  17 

8. 26±  .  16 

49-5o±io7 
x6.42±  .08 
8z.6o±  .56 

7.  52±  .20 


Standard 
deviations. 


CoeflBdcnt 

of 
variatiao. 


a446±aoii 

106.88  ±2 

•77 

54.77  ±2 

.19 

1.87  ± 

.074 

1.69  ± 

.06 

4-40  ± 

.17 

I.  57  ± 

.06 

1.67  ± 

.06 

.99  ± 

.03 

X.05  ± 

.  22 

3.91  ± 

.01 

1-59  ± 

.063 

1-57  ± 

.06 

X.  18  ± 

.04 

1.03  ± 

.04 

.81  ± 

.03 

3.02  ±2 

.84 

2.96  ± 

.  II 

1.95  ± 

.07- 

1.54  ± 

.06 

la  04  ±4. 02 

3- 51  ± 

.  X4 

Per  ami. 
23.  i±a84 
II.  9±  .04 
19.  x±i.o8 

23.  o±i.3o 
8.7±  .4» 


t,o± 

4.5± 
5.5± 
5.2± 

7.S± 
6.9± 
6.  i± 
ia4± 
5.i± 
5.9± 
4.i± 


5-4±  -30 

3S.8±2.oa 
4.9±  -27 
9.3±-f 

II.  o±  .6a 

46. 6±a.  67 
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TablB  VIII. — Summary  of  correlations 


Corrdating— 


Gain  with  initial  live 
weight 

Gain  with  increase  in  cir- 
cumference of  chest 

Gain  with  initial  width  of 
rear  flank 

Gain  with  initial  circum- 
ference of  rear  flank 

Gain  with  initial  height 
of  point  of  shoulder 

Gain  with  initial  height  of 
rear  flank 

Gain  with  initial  length  of 
hip  to  buttock 

Gain  with  initial  width  of 
loin 

Gain  with  initial  circum- 
ference of  chest 

Gain  with  initial  depth  of 
chest 

Gain  with  initial  width  of 
fore  flank 

Gain  with  initial  distance 
of  chest  to  ground 

Gain  with  initial  width  of 
thtu'ls 


Corrdatioii 
coefficient. 

a  036  ±  a  036 

.46o± 

.044 

•  079±- 

083 

.  22I± 

•053 

.o6i± 

.056 

.o53± 

.055 

.27I± 

•053 

.  io8± 

.085 

.238± 

•053 

.  i30± 

.046 

.i64± 

.054 

•077± 

.056 

.224± 

.054 

Correlating— 


Gain  with  initial  length  of 
head 

Gain  with  initial  length 
from  point  of  shoulder 
to  buttock 

Gain  with  increase  in  cir- 
cumference of  paunch. . 

Gain  with  initial  height  of 
withers 

Gain  with  initial  width  of 
shoulders 

Gain  with  initial  circum- 
ference of  patmch 

Gain  with  increase  in  cir- 
cumference of  rear  flank 

Width  of  thurls  with 
height  of  rear  flank 

Circumference  of  chest 
with  height  of  withers. . 

Width  of  loin  with  height 
of  chest  from  ground 

Width  of  chest  with  depth 
of  chest 


Correlation 
coefficient. 


O.  182  ±0.037 

— .  020±    .  056 

.3o6±  .036 
.i63±  .054 
.  i44±  .  055 
.I24±  .055 
.203±  .055 
.  38o±  .  049 
.62i±  .034 

.  i79±  •  057 
.365±  .07a 


Table  VIII,  a  summary  of  the  coefficients  of  correlation,  shows  that 
increases  in  body  measm-ements  have  a  closer  relationship  with  gains 
in  live  weight  than  the  initial  measurements.  This  would  logically 
be  expected,  since  gains  are  dependent  upon  the  capacity  of  a  steer  to 
lay  on  fat  and  make  growth  in  bone  and  body  tissue.  With  the  excep- 
tion of  initial  weight,  these  measurements,  as  shown  in  Table  VII,  also 
had  high  coefficients  of  variation. 

The  correlation  coefficients  for  the  two  body  circumferences  of  chest 
and  rear  flank,  the  width  of  thurls  (hip  joint),  and  the  distance  of  hip  to 
buttock  show  the  closest  relationship  of  all  the  initial  measurements 
with  gains  in  live  weight.  This  suggests  the  possibilities  of  using  these 
measurements  in  the  selection  of  feeding  steers,  at  least  for  experimental 
purposes,  as  a  means  of  reducing  the  experimental  error  caused  by  in- 
dividuality of  animals.  The  measurement  of  initial  weight  shows  no 
relationship  with  gains,  although  this  is  usually  considered  one  of  the 
most  important  factors  in  selection  of  steers  for  experimental  purposes. 

Measurements  that  show  intermediate  relationship  as  indicated  by 
coefficients  of  correlation  are  width  of  loin,  depth  of  chest,  width  of 
fore  flank,  length  of  head,  height  at  withers,  circumference  of  paunch, 
and  width  at  shoulders. 
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rements  in  which  slight  or  no  relationship  exist  as  shown  by 
m  coefficients  are  initial  live  weight,  width  of  rear  flank,  height 
ler  point,  and  the  distance  of  rear  flank  and  chest  from  the 

One  measurement,  the  distance  of  shoulder  point  to  buttock, 
L  negative  correlation  of  —0.020  ±0.056,  but  in  which  the  prob- 
r  was  greater  than  the  correlation  coefficient. 
t  relationship  of  circumstance  of  chest  yrith  height  of  withers  is 
I  by  r= 0.62 1  ±0.034.  Likewise,  the  width  of  chest  and  depth 
i)y  r= 0.365  ±0.072  show  a  definite  relationship, 
ad  quarters  of  a  steer  are  more  important  than  the  fore  quarteis 
lining  the  gaining  capacity  of  a  steer,  with  the  exception  of  the 
rence  of  chest  as  shown  by  a  correlation  coefficient  of  o.224± 

width  of  thurls,  0.271  ±0.053  for  distance  of  hip  to  buttock, 
[  ±0.053  for  circumference  of  rear  flank, 
llowing  points,  held  by  authoritative  judges  of  live  stock  to  be 
it,  are  not  substantiated  by  the  results  of  this  study  thus  far: 
dght  of  steers,  closeness  to  the  ground  of  chest  and  hind  flank, 
length  of  body  from  shoulder  to  buttock.  The  circumference 
md  rear  flank  are  more  important  in  ascertaining  gains  than  feed 
as  indicated  by  the  circumference  of  paunch. 
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PLATE  38 

er "  showing  infusion  of  some  Shorthorn  blood, 
ler"  of  Shorthorn  breeding, 
eder ' '  of  Shorthorn  breeding. 
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PLATE  39 

A. — ^Measuring  the  depth  of  the  chest  of  a  steer  with  calipers. 
B. — ^Measuring  the  drcumfetence  dt  the  chest  of  a  steer. 
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^E  HISTORY  OF  ASCARIS   LUMBRICOIDES  AND 
RELATED  FORMS 

[PRBUMINARY  NOTE] 

9.  Ransom,  Chief,  and  W.  D.  Fostbr,  Junior  Zoologist,  Zoological  Division, 
Bureau  of  Animal  Industry,  United  States  Department  of  Agriculture 

mtly  Capt.  F.  H.  Stewart,*  of  the  Indian  Medical  Service,  in 
I  publications  has  recorded  the  results  of  some  experiments  of 
mportance  in  the  light  which  they  throw  upon  the  question  of  the 
tory  of  Ascaris  lumbricoideSf  the  common  intestinal  roundworm  of 
The  same  parasite,  or  a  form  so  closely  related  that  it  is  morpho- 
ly  indistinguishable  so  far  as  our  present  knowledge  goes,  is  of 
>mmon  occurrence  in  the  intestine  of  pigs  (A.  suutn  or  A.  suilla). 
t  used  both  forms  in  his  experiments.  He  failed  in  his  attempts 
ct  pigs  but  found  that  if  rats  or  mice  were  fed  Ascaris  eggs,  the 
atched  in  the  alimentary  tract,  and  the  embryos  migrated  to 
er,  spleen,  and  lungs.  In  the  course  of  their  migrations  they 
ed  in  size  and  passed  through  certain  developmental  changes, 
Df  them  finally  reaching  the  alimentary  tract  again  by  way  of  the 
trachea,  and  esophagus.  The  young  worms  that  succeeded  in 
ng  the  alimentary  tract  did  not  continue  their  development  and 
&ssed  out  of  the  body  in  the  feces,  so  that  rats  or  mice  surviving 
eumonia  commonly  caused  by  the  invasion  of  the  lungs  became 
the  parasites  as  early  as  the  sixteenth  day  after  infection, 
result  of  his  investigations  Stewart  was  led  to  a  conclusion  con- 
o  the  usually  accepted  opinion  that  the  infection  of  man  or  pig 
scaris  results  from  the  ingestion  of  the  eggs  of  the  parasite.  He 
led  that  it  is  necessary  in  the  life  cycle  for  the  eggs  to  be  swal- 
by  rats  or  mice  and  that  in  these  animals  the  embryos  hatching 
he  eggs  imdergo  certain  migrations  and  developmental  changes, 
hich  they  may  be  transferred  in  the  feces  or  saliva  of  the  rats  or 
>  food  or  other  materials  likely  to  be  ingested  by  human  beings 
,  and  thus  ultimately  reach  their  final  hosts. 

RT.  P.  H.    ON  1H8  un-maftovr  or  ascaus  lumbkicoidbs.    In  Brit.  Med.  Jour.*  1916,  v.  a, 

>-  5-7. 3  fie- 1916. 

rsat  um-msTORT  or  abcakis  lumbuooidvs.    In  Brit.  Med.  Jour.,  19x6.  v.  a,  no.  9909,  p.  474. 

VDRiBSB  sxnpUMSNTS  ON  ASCARIS  iNrscTiON.    In  Brit.  Med.  Jour.,  1916.  v.  9,  no.  29x0,  p. 
>x6. 

ON  ran  un-Hsncmy  or  ascaris  lumbricoidbs.    In  Brit.  Med.  Jour.,  19x6.  v.  a,  no.  9918,  p. 
»x6. 
N  THB  DBVBU>P1CBNT  Or  ASCARIS  LUMBRICOIDBS  UN.  AND  ASCARIS  ST7ILLA  DUJ.  IN  THB  RAT  AMD 

!n  Pftrantolocy,  ▼.  9,  no.  a,  p.  »iy2»7, 9  fig.,  x  pi.  19x7. 
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In  reviewing  Stewart's  work  it  appeared  to  us  that,  granting  the 
correctness  of  his  observations,  the  conclusions  that  he  had  drawn  did 
not  supply  an  adequate  explanation  of  the  mode  of  infection 
with  Ascaris.  On  a  number  of  occasions  we  had  endeavored  to  infect 
pigs  with  Ascaris  by  feeding  the  and  eggs,  although  the  results  of  these 
attempts  had  been  negative  or  tmcertain  and  thus  in  harmony  with  the 
experience  of  Stewart  and  other  investigators,  we  nevertheless  did  not 
feel  justified  in  accepting  these  results  as  evidence  against  the  hypothecs 
of  a  direct  development  without  an  intermediate  host,  nor  did  it  seem 
that  Stewart's  experiments  with  rats  and  mice  were  sufficient  to  lead  to 
the  conclusion  that  these  animals  act  Jn  any  way  as  intermediate  hosts 
in  the  life  cycle  of  the  parasite. 

Repetition  of  Stewart's  experiments  in  feeding  rats  and  mice  with 
Ascaris  eggs  gave  results  agreeing  very  closely  with  those  which  he  has 
recorded.  We  have  noted  wider  variations  as  to  the  time  at  which  the 
larvse  may  be  found  in  various  organs  and  have  observed  them  in  sev- 
eral locations  in  addition  to  those  in  which  they  were  seen  by  Stewart, 
but  the  results  of  our  experiments  were  essentially  the  same  as  his,  and 
point  to  a  migration  of  the  larvse  to  the  liver,  lungs,  spleen,  and  other 
organs,  and  finally  from  the  lungs  to  the  alimentary  tract  by  way  of  the 
air  passages  through  the  trachea  and  into  the  esophagus,  during  which 
migrations  they  imdergo  considerable  development  and  structural  change 
and  increase  to  a  size  of  1.5  mm.  or  more  in  length.^  In  most  of  our 
experiments  the  eggs  of  the  pig  Ascaris  were  used,  as  Ascaris  from  pigs 
was  more  easily  obtainable  than  parasites  from  htunan  beings.  In  addi- 
tion to  our  experiments  on  rats  and  mice  we  made  further  attempts, 
with  negative  results,  to  infect  pigs. 

Our  imsuccessf ul  attempts  to  infect  pigs  by  feeding  Ascaris  eggs  were 
made  on  animals  several  months  old.'  It  is  noteworthy  that  Epstein,' 
in  his  carefully  controlled  experiments  with  A,  lunibricoides  used  very 
young  subjects  and  that  the  positive  results  which  he  obtained  can 
scarcely  be  explained  upon  any  other  assumption  than  that  a  direct  de- 
velopment of  the  parasites  occurred  following  feeding  of  the  eggs — ^that  is, 
development  without  an  intermediate  host.  The  experience  of  one  of  us  (B. 
H.  R.)  in  certain  investigations*  on  the  life  history  of  Syngamus irachealist 
our  failures,  and  the  failures  of  others  to  infect  pigs  with  Ascaris,  the  fail- 

^  Since  the  preparation  o£  this  manuscri  pt  further  in  vestications  have  shown  that  guinea  pigs  as  well  as 
rats  and  mice  may  be  infected  by  feeding  Ascaris  eggs.  In  these  animah  the  migration  of  the  larvK 
was,  as  far  as  observed,  identical  with  that  noted  by  Stewart  for  rats  and  mice.  An  of  the  six  infected 
guinea  pigs  died  from  pneumonia  between  seven  and  eight  days  after  feeding  with  Ascaris  eggs,  the 
lungs  being  heavily  infested  with  Ascaris  larvae. 

*  The  pigs  which  Stewart  used  with  negative  results  were  stated  by  him  to  have  been  a  mootlis  old. 
The  ages  of  the  animals  used  by  various  other  investigators  who  failed  to  obtain  positive  results  in  experi- 
ments to  bring  about  infestations  by  feeding  the  eggs  of  Ascaris  are  generally  not  stated,  but  iamuiy^ 
the  negative  experiments  with  human  beings  it  is  dear  that  adults  were  used  as  subjects. 

*  BpSTSIN.  Alois.     X78BBR  DIS  USBBRTRAOUNO  DBS  MBNSCHUCRBN  SFUI.WX7KMS  (aSCAKIS  LUXBRKODSS). 

In  Verhandl.  VersammL  Oesell.  Kinderh.  Dcut.  Naturf .  u.  Aente,  v.  9, 1891,  p.  x-z6. 1893. 

*  Not  yet  published. 
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2f  various  investigators  to  infect  adult  human  beings,  and  Epstein's 
ve  results  in  the  case  of  young  subjects,  suggested  the  possibility 
Eige  is  an  important  factor  influencing  the  susceptibility  of  human 
5  and  pigs  to  infection  with  Ascaris,  and  that  many  of  the  failures  to 
about  experimental  infections  would  not  have  occurred  if  younger 
lis  had  been  used  as  subjects.  Our  belief  in  this  possibility  was 
^hened  by  the  discovery  of  an  Ascaris  larva  in  a  fragment  of  limg 
a  pig  about  6  weeks  old  which  had  died  from  unknown  causes 
ly,  1917,  a  finding  which  indicated  a  migration  of  larvae  like  that 
occurs  in  rats  and  mice.  The  intestine  of  this  pig  contained 
rous  immature  ascarids,  the  largest  about  5  cm.  long.  In  order  to 
ie  possibility  of  infecting  very  yoimg  pigs,  after  several  disappoint- 
\  because  certain  sows  reserved  for  the  purpose  of  providing  young 
or  experimental  use  either  failed  to  farrow  or  devoured  their  new- 
offspring,  we  finally  succeeded  in  obtaining  two  young  pigs  from  a 
hich  was  found  by  fecal  examination  to  be  free  from  egg-produdng 
ds.  In  the  latter  part  of  September,  at  the  age  of  about  2  weeks,  one 
se  pigs  was  given  a  large  number  of  Ascaris  eggs  containing  motile 
form  embryos.  The  number  of  eggs  given  was  not  determined,  but 
must  have  been  at  least  several  thousand.  One  week  after  feeding 
g  which  had  been  fed  with  Ascaris  eggs  was  brought  into  the  labora- 
lead;  death  had  occurred  either  the  same  day  or  late  the  day  before ; 
f  event,  approximately  one  week  had  elapsed  since  the  animal  had 
^ven  a  heavy  dose  of  Ascaris  eggs.  The  other  pig  continued  in  good 
1.  Examination  of  the  dead  pig  revealed  a  pneumonia,  with  numer- 
etechial  hemorrhages  in  the  lung  tissue.  Numerous  ascarid  larvae, 
ig  in  length  from  0.7  to  1.2  mm.  in  length,  were  fotmd  in  the  lungs, 
SI,  and  pharynx;  none  in  the  liver,  spleen,  esophagus,  small  intes- 
or  large  intestine. 

s  of  interest  to  note  in  this  coimection  that  when  rats  or  mice  are 
irge  numbers  of  Ascaris  eggs  they  commonly  die  of  pneumonia 
a  week  later,  at  a  time  when  numerous  larvae  are  present  in  the 
exactly  as  in  the  case  of  this  pig.  These  findings  are  interpreted 
;  as  clearly  demonstrating  that  Ascaris  larvae  in  young  pigs,  pre- 
3ly  also  in  children,  behave  in  much  the  same  way  as  in  rats  or  mice, 
trongly  support  the  hypothesis  that  the  migrations  and  develop- 
of  the  parasites  are  very  similar  in  the  two  cases,  the  only  impor- 
iifference  being  that  in  rats  or  mice  the  worms  are  unable  to  con- 
their  development  to  maturity. 

wart's  very  important  discoveries  concerning  the  behavior  of 
is  larvae  in  rats  and  mice,  the  various  contributions  of  other  inves- 
)rs  toward  the  solution  of  the  problem  of  the  life  history  of  A, 
icoides  and  related  parasites,  and  our  own  experiences  outlined 
s,  appear  to  justify  certain  conclusions,  some  of  which  in  anticipation 
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of  a  more  extended  statement  in  a  future  paper,  may  be  briefly  given 
as  follows: 

The  development  of  A,  lumbricoides  and  closely  related  forms  is  diied:, 
and  no  intermediate  host  is  required. 

The  eggs,  when  swallowed,  hatch  out  in  the  alimentary  tract;  the  em- 
bryos, however,  do  not  at  once  settle  down  in  the  intestine,  but  migrate 
to  various  other  organs,  including  the  liver,  spleen,  and  lungs. 

Within  a  week,  in  the  case  of  the  pig  Ascaris,  the  migrating  larvse  may 
be  found  in  the  lungs  and  have  meanwhile  undergone  considerable 
development  and  growth.  ^ 

From  the  lungs  the  larvae  migrate  up  the  trachea  and  into  the  esophagus 
by  way  of  the  pharynx,  and  this  migration  up  the  trachea  may  already 
become  established  in  pigs,  as  well  as  in  artificially  infected  rats  and  mice, 
as  early  as  a  week  after  infection. 

Upon  reaching  the  alimentary  tract  a  second  time  after  their  passage 
through  the  lungs,  the  larvse,  if  in  a  suitable  host,  presumably  settle 
down  in  the  intestine  and  complete  their  development  to  maturity;  if  in 
an  unsuitable  host,  such  as  rats  suid  mice,  they  soon  pass  out  of  the  body 
in  the  feces. 

Heavy  invasions  of  the  lungs  by  the  larvae  of  Ascaris  produce  a  serious 
pneumonia  which  is  frequently  fatal  in  rats  and  mice  and  apparently 
caused  the  death  of  a  yotmg  pig  one  week  after  it  had  been  fed  witli 
numerous  Ascaris  eggs. 

It  is  not  improbable  that  ascarids  are  frequently  responsible  for  lung 
troubles  in  children,  pigs,  and  other  young  animals.  The  fact  that  the 
larvae  invade  the  Itmgs  as  well  as  other  organs  beyond  the  alimentary 
tract  and  can  cause  a  serious  or  even  fatal  pneumonia  indicates  that  these 
parasites  are  endowed  with  greater  capacity  for  harm  than  has  hereto- 
fore been  supposed. 

Age  is  a  highly  important  factor  in  determining  susceptibility  to  infec- 
tion with  Ascaris,  and  susceptibility  to  infection  greatly  decreases  as  the 
host  animal  becomes  older.  This,  of  course,  is  in  harmony  with  the 
well-known  fact  that  it  is  particularly  children  and  yoimg  pigs  among 
which  infestation  with  Ascaris  is  common,  and  that  Ascaris  is  relatively 
of  rare  occurrence  in  adult  human  beings  and  in  old  hogs. 
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[PERIMENTS  IN  FIELD  TECHNIC  IN  ROD  ROW  TESTS  ^ 

H.  K.  Hayes,  Head  of  Section  of  Plant  Breeding,  and  A.  C  Arny,  Head  of  Section 
^  Farm  Crops,  Division  of  Agronomy  and  Farm  Management,  Department  of  Agri- 
iUwrer  University  of  Minnesota 

INTRODUCTION 

^resent  field  practices  in  Farm  Crops  breeding  and  variety  testing  show 
ick  of  uniformity  in  methods  of  work.  This  is  partly  because  some 
estigators  have  larger  plots  of  land  at  their  disposal  than  others.  The 
idpal  reason  for  the  lack  of  a  standard  practice,  however,  is  the  lack 
sufficient  experimental  evidence  as  to  the  reliability  of  different 
thods. 

lie  dose  relation  between  laboratory  methods  and  reliability  of  expert- 
atal  results  is  accepted  without  question  by  workers  in  such  exact 
aices  as  chemistry  and  physics.  While  it  is  not  possible  to  devdop 
ixact  practices  in  fidd  work,  owing  to  the  many  uncontrolled  environ- 
atal  factors,  there  is  a  possibility  of  standardization, 
n  order  to  accomplish  such  an  end,  it  is  essential  that  workers  situated 
various  sections  of  the  coimtry  make  a  study  of  the  reliability  of  thdr 
sent  fidd  technic. 

n  a  consideration  of  this  question  there  are  several  methods  of  attack, 
ae  of  these  are  the  use  of  check  plots,  the  value  of  replications,  the 
i  and  shape  of  plots,  methods  of  correcting  the  error  of  any  plot  due 
soil  heterogendty,  and  the  effects  of  competition  between  adjacent 
7s  or  plots. 

n  recent  years  there  has  been  a  tendency  to  use  the  row  method  in 
all-grain  breeding  and  variety  testing.  The  present  paper  is  the  first 
a  series  of  studies  in  fidd  practices  in  Minnesota.  The  experimental 
a  are  of  two  sorts:  (i)  A  study  of  the  effects  of  competition  between 
all  grains  planted  in  rod  rows  when  spaced  at  a  distance  of  i  foot 
irt.     (2)  The  value  of  replications  for  rod  row  tests. 

»ablishcd,  with  the  apfmival  of  the  Director,  as  Paper  No.  8oy  of  the  Journal  Scries  of  the  Minnesota 
icnltural  Bxperiment  Station. 
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5S  IN  FIELD  METHODS 
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and  yield.  He  shows  the  value  of  a  determination  of  the  experimental 
error  by  the  use  of  check  plots.  This  error  may  then  be  used  as  a  means 
of  deciding  which  strains  to  eliminate.  After  determining  the  experi- 
mental error  the  rule  given  is 

to  double  the  error  and  subtract  this  sum  from  the  highest  varitjit.  The  remainder 
after  the  subtraction  represents  the  figure  below  which  all  strains  could  be  discarded 
without  danger  of  discarding  a  high  strain 

for  the  character  studied.  This  conclusion  refers  only  to  the  seasonal 
conditions  tmder  which  the  test  is  made. 

Prom  a  standpoint  of  a  study  of  nitrogen  content  Montgomery  (7)  states 
that  single  plants  should  be  replicated  40  or  more  times,  16-foot  rows 
5  to  10  times,  and  blocks  5.5  feet  square  8  to  16  times.  From  a  yield 
standpoint  the  author  finds  blocks  5.5  feet  square  repeated  8  to  10  times 
to  be  as  accurate  as  16-foot  rows  repeated  15  to  20  times.  This  he 
believes  to  be  due  to  the  competition  between  adjacent  rows,  although 
no  accurate  data  on  this  question  are  presented. 

In  a  previous  paper  Montgomery  (6)  shows  the  effects  of  competition 
on  the  yield  of  different  varieties  when  grown  in  the  same  row  and 
jdanted  alternately  in  the  row.  Under  such  conditions  some  varieties 
seem  to  be  much  more  vigorous  than  others. 

Increasing  the  length  of  the  row  or  size  of  block  is  said  by  the  author 
(7)  to  be  a  means  of  securing  accuracy.  An  excellent  size  for  rows  was 
found  to  be  2  to  4  rods  in  length  and  blocks  5  by  16  feet  in  area. 

Montgomery  believes  the  bulk  method  of  planting  in  nursery  trials 
to  be  more  closely  correlated  with  field  results  than  when  the  nursery 
plots  are  planted  in  such  a  manner  that  each  plant  has  individual  room 
for  development.  Data  given  for  1 1  varieties  of  oats  tend  to  substan- 
tiate this  belief. 

VonRtimker,  Leidner,  and  Alexandrowitsch  (12)  followed  the  practice 
in  trials  of  pure  lines  of  wheat  for  yield  of  making  the  distance  between 
rows  of  the  same  pure  line  13  cm.  (5.1 187  inches)  and  between  the  plots 
of  any  two  pure  lines  24  cm.  (9.448  inches)  to  obviate  any  influence  one 
pure  line  might  exert  on  another  growing  in  an  adjacent  row.  No  data 
are  presented  of  the  reasons  which  led  them  to  adopt  the  method. 

A  recent  paper  of  Pritchard  (ii)  gives  a  report  of  a  study  made  in 
1 91 2  in  sugar-beet  breeding  investigations.  Two  characters,  total  sugar 
production  per  row  and  percentage  of  sugar,  were  used  in  the  study. 
These  were  the  basis  for  a  discussion  of  the  value  of  check  plots  and  the 
comparative  effect  of  repeated  plantings  upon  the  experimental  error. 
The  author  concludes  that  check  rows  as  a  standard  for  the  comparison 
of  individual  progeny  rows  are  more  ef&dent  than  the  use  of  the  means 
<rf  the  progeny  rows  as  a  standard  for  comparison.  Check  rows  32  inches 
from  the  progeny  rows  varied  less  than  checks  at  a  distance  of  64,  96, 
128,  and  160  inches.    Check  rows  at  a  distance  of  64  to  160  inches  seemed 
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to  be  about  equally  reliable  as  a  comparison.  In  this  woric  the  em- 
ployment of  a  check  for  every  other  row  was  said  not  to  be  sufficient  to 
offset  the  variability  due  to  soil  irregularities;  however,  by  means  of  lo 
replications  and  alternate  check  rows  the  experimental  error  was  reduced 
about  50  per  cent.  Reduction  of  the  standard  deviation  was  most  rs^d 
for  the  first  7  replications. 

Numerous  papers  by  Harris  have  called  attention  to  the  importance 
of  the  experimental  error  in  variety  testing.  The  more  recent  one  (j) 
gives  a  method  of  determining  the  reliability  of  a  field  for  experimental 
plot  work.  If  irr^;ularities  in  the  field  are  laige  enough  to  affect  areas 
laiger  than  single  plots,  adjoining  plots  will  be  similariy  affected.  By 
the  use  of  the  correlation  coefficient  the  correlation  between  the  yield  of 
the  small  plots  and  the  yield  of  various  groups  of  adjacent  plots  is  deter- 
mined. The  more  homogeneous  the  field  the  lower  will  be  the  correlation 
coefficient. 

Surface  and  Pearl  (14)  have  given  a  method  of  correcting  plot  yield 
which  is  partially  based  on  Harris's  correlation  method.  The  calculated 
yield  of  any  particular  plot  is  determined  by  the  contingency  method. 
If  this  calculated  yield  is  above  or  below  the  mean  yield  of  the  field, 
it  is  supposed  that  the  soil  of  the  plot  is  above  or  below  the  average  of 
the  field  in  productivity.  The  amount  that  the  calculated  yield  is  above 
or  below  the  mean  yield  is  then  subtracted  or  added  to  the  actual  yield 
of  the  plot  in  question.  The  reliability  of  this  method  was  then  tested 
by  the  correlation  plan  as  given  by  Harris.  This  test  showed  a  con- 
siderable decrease  in  the  heterogeneity  of  the  field  for  the  calculated 
yields  as  compared  with  the  actual  yields.  The  authors  then  show  how 
this  method  may  be  used  in  variety  tests. 

MATERIAL  AND  METHODS  OF  WORK 

In  1915  it  was  decided  to  make  a  test  of  the  rod  row  as  a  preliminary 
method  of  determining  performance.  The  method  of  handling  the  rows 
is  about  the  same  as  is  used  at  Cornell  University  in  the  Plant  Breeding 
Department,  although  for  the  purposes  of  our  work  some  modifications 
have  been  made.^ 

For  our  work  18-foot  rows  are  used,  spaced  at  a  distance  ol  i  foot 
apart.  At  harvest  i  foot  is  discarded  from  each  end  of  each  row,  thus 
leaving  16-foot  rows.  The  use  of  the  same  length  of  row  for  wheat 
(Triticum  spp.),  oats  {Avena  sativa),  and  barley  {Hordeum  vtdgare), 
increases  the  work  of  computing  the  yields  per  acre.  The  same  length 
of  row,  however,  for  the  various  small  grains  allows  a  comparison  of 
yield  variability. 

The  rows  were  planted  at  the  usual  rate  per  acre  for  Minnesota,  or 
16.8  gm.  per  row  for  wheat,  15  gm.  for  oats,  and  18.1  gm.  for  barley. 

>  Due  admoivledciiiait  it  iiiMletoDr.H.H.I(Ovc^ci  Oonidl  Uuivtirity ,  far  dmedptiau  d  tfadr  lov 
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The  work  in  1915  was  of  a  preliminary  nature  and  does  not  necessi* 
tate  an  extensive  discussion.  It  is  only  of  interest  as  indicating  the  reason 
for  the  methods  used  in  extensive  tests  made  in  1916.  In  1915  oat  and 
wheat  rows  replicated  nine  times  were  grown  for  comparison  with  yields 
obtained  in  duplicated  one-one  himdred  and  tenth-acre  plots.  Corre- 
lation coeffidents  were  calculated,  giving  the  comparison  between  yields 
of  18  varieties  of  wheat  and  21  varieties  of  oats.  The  coeflBdents  are  as 
follows: 

Wheat f=-t-o.  593±o.  123 

Oats f=-t-o.  2oo±o.  141 

The  same  plot  and  series  was  used  for  these  tests  so  that  environ- 
mental conditions  are  relatively  uniform.  The  fact  that  no  doser  re- 
lation in  yield  was  obtained  may  be  partially  explained  by  the  unre- 
liabiHty  of  the  results  as  obtained  in  the  duplicated  one  one-hundred- 
and-tenth-acre  plot  tests.  (See  following  paragraph.)  There  is  also 
the  possibility  of  a  greater  competitive  effect  between  adjacent  rows  of 
oats  than  for  wheat. 

A  comparison  of  the  relative  reliability  of  single  one  one-hundred-and- 
tenth-acre  plots  and  single  rows  of  Bluestem  wheat  and  Ligowa  oats 
is  given  as  a  reason  for  further  studies  of  the  row  method.  The  coeflS- 
dent  of  variability  is  used  as  a  measure  of  comparative  reliability  of 
the  results  of  these  tests  (Table  I). 

TablB  I. — Coefficients  of  variability  for  yield  of  wheat  and  oats  as  tested  in  one  one- 
kundred-and-tenth-acre  plots  and  rod  rows,  igi$ 


Variety. 

Type  of  plot. 

Coefficient  of 
variability. 

Havnes  Bluestem  wheat 

Single  rod  row 

13- 73 ±0-76 
14- 43  ±2.  16 

i8.87±i.  02 
la  74  ±1.29 

Do 

Single    one    one-hundred-and- 
tenth-acre  plot. 

Ligowa  oats 

Do 

Single    one    one-hundred-and- 
tenth-acre  plot. 

These  tests  indicate  that  a  single  row  is  as  reliable  as  a  single  one- 
one  hundred  and  tenth-acre  plot  for  Hajmes  Bluestem  wheat,  although 
for  oats  the  plot  test  appears  to  be  more  reliable.  The  result  of  this 
test,  together  with  experiments  of  other  workers,  has  led  to  the  tentative 
adoption  of  one-fortieth-acre  plots  at  University  Farm.  Further 
studies  win  determine  the  number  of  replications  necessary  for  the  plot 
work.  The  rod  row  test  appears  very  promising,  although  further 
studies  seem  necessary,  particularly  as  to  competition  between  adjacent 
lows  and  number  of  necessary  replications. 

The  main  part  of  the  experimental  results  here  reported  consist  of 
studies  of  competition  between  adjacent  rows  of  different  varieties  and 
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strains  of  wheat,  oats,  and  barley  and  the  decrease  in  variability  due  to 
replications. 

The  data  obtained  in  191 6  is  from  two  sources,  namely,  from  rod  row 
variety  tests  made  by  the  Farm  Crops  Section  and  from  rod  row  tests 
made  in  the  Plant  Breeding  Nursery.  The  fields  used  for  the  work  are 
at  a  considerable  distance  apart  and  have  been  handled  in  a  different 
manner.  In  the  presentation  of  results  the  tests  will  be  spoken  of  as 
"Farm  Crops  test"  and  "Plant  Breeding  test,"  respectively. 

In  a  considerable  measure  the  uniformity  of  any  particular  field  may 
be  due  to  methods  of  handling.  In  the  Farm  Crops  variety-test  work  the 
following  rotations  are  used: 

1.  Oats,  clover,  com. 

2.  Barley,  hay,  wheat,  com. 

In  the  three-year  rotation  for  the  oats  variety  work  there  are  two 
intervening  crops.  For  the  barley  and  wheat  tests  there  is  only  one 
bulk  crop  intervening  between  the  varietal  tests. 

In  the  Plant  Breeding  Nursery  the  following  7-year  rotation  is  used: 

Rye,  10  pounds  of  clover  in  spring,  clover  hay,  small-grain  nursery, 
ear-to-row  com,  field  peas  for  seed,  soybean  variety  test,  and  small- 
grain  nursery. 

In  the  1 916  test,  plots  of  three  rows,  each  repUcated  three  times,  were 
used  in  the  Plant  Breeding  Nursery  if  sufficient  seed  was  available  and 
replicated  five  times  for  each  variety  reported  in  the  Farm  Crops  test. 
Check  plots  of  a  standard  variety  were  used  every  third  to  fourth  plot. 
No  attempt  was  made  to  correct  for  yield  by  the  use  of  check  plots. 
They  were  used,  however,  in  a  determination  of  the  variability  of  the 
land  and  the  value  of  replications. 

It  is  realized  that  a  single  season's  test  does  not  furnish  sufficient  data 
upon  which  to  draw  a  final  conclusion  as  to  a  standard  practice.  The 
close  relation  between  the  development  of  reliable  methods  and  the  value 
of  field  tests,  however,  would  seem  to  warrant  the  publication  of  results 
now  available.^ 

COMPETITION  BETWEEN  ADJACENT  ROWS 

As  each  strain  or  variety  tested  was  grown  in  at  least  one  plot  con- 
sisting of  three  rows  of  16  feet  in  length,  we  may  consider  that  each 
plot  consists  of  one  central  row  and  two  border  rows  which  will  be  con- 
sidered, respectively,  as  the  right  and  left  border  rows.  Each  border 
row  therefore  grows  near  the  same  variety,  the  central  row,  on  the 
one  hand,  and  also  beside  some  other  variety  or  strain.  In  our  work 
we  have  compared  the  yields  of  the  border  rows  with  each  other,  in 
relation  to  the  height  and  yield  of  adjacent  rows. 

>  Assistance  in  the  compuUtions  wts  ffhren  by  R.  W.  Oaibcr  and  O.  A.  Haenert,  student  assistants. 
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CORRELATIONS  FOR  HEIGHT  COMPETITION 

?he  efiFects  of  the  height  of  adjacent  rows  on  the  yield  of  the  border 
rs  may  be  first  considered.  The  method  of  determining  such  effect 
IS  foDows:  The  yield  of  the  border  rows  in  bushels  per  acre  was  corn- 
ed and  the  yield  of  the  right  border  compared  with  that  of  the  left. 
Jie  left  border  yielded  the  most,  the  result  is  given  as  a  positive,  or 
s  (+)  yield,  the  difference  being  expressed  in  bushels  per  acre.     If 

right  border  yielded  the  most,  the  yield  difference  is  a  negative,  or 
lus  (— )  result. 

n  somewhat  simuar  manner  the  height  of  adjacent  rows  was  com- 
ed.  If  the  row  of  the  variety  or  strain  near  the  left  border  row  was 
er  than  the  variety  near  the  right  border  row,  the  result  is  given  as  a 
itive,  or  plus  (+)  difference,  in  inches;  if  the  row  near  the  right 
der  was  taller,  the  result  is  given  as  a  negative,  or  minus  (— )  difference, 
nches. 

t  should  be  noted  that  with  the  plant  breeding  barley  work  the 
^ht  was  taken  in  centimeters, 
lorielation  tables  are  then  made  in  which  the  comparative  yield  of 

border  rows  of  the  same  variety  is  correlated  with  the  comparative 
i[ht  of  adjacent  rows.  If  there  is  an  effect  on  3deld  of  border  rows 
the  same  variety  owing  to  the  height  of  adjacent  rows,  a  negative 
ffident  should  be  obtained.  A  representative  table  for  barley  is 
en  (Table  II). 

iLQ  II. — CorreUUion  between  the  differences  in  yield  between  the  border  rows  of  a  variety 
'  barley  and  the  differences  in  height  (in  centimeters)  between  the  neighboring  border 
ms  ontke  left  ana  rights  respectively.     Barley  Plant-Breeding  Nursery,  igi6 


[Left  greater 

- +.    Rifht  greater - 
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Yield,  difference  daises,  border  rows  of  same  variety. 
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3 
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f»- 

-  0.51^ 

>±o.o( 
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Its  are  obtained  in  a  similar  way  as  f  ok  the  effects  of  height.  Table  IV 
ven  as  an  illustration  of  the  method  used.  This  result  shows  oon- 
able  effect  due  to  yield  of  adjacent  rows  on  the  border  rows  of  the 
*  variety. 

JS I  v.— Coff«iafMm  between  Ike  differences  in  yield  of  the  border  rows  of  a  variety^  and 
differences  in  yield  between  the  adjacent  rows  on  the  Uft  and  right,  respectively, 
rley  Plant  Breeding  Nursery,  igi6 


[Left  greater- +.    Right  xreatcr- 

-) 

Yidd,  difference  claiMS,  bonder  rows  ol  same  variety. 
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57 

f»«-o.394±o.075 

le  correlation  coefficients  as  obtained  for  the  various  crops  are  given 
ible  V. 

B  v.— Coff#lalumi  between  the  differences  in  yield  between  the  border  rows  of  a 
iety  and  the  differences  in  yield  between  adjacent  rows  of  unlike  varieties  of  cereals 


CercaL 

Designatsoo  ol  test. 

Mtmber  of 
tcsu. 

Correlation 
ooefi&cients. 

•y 

Plant  Breeding  Nursery 

Farm  Cropa  variety  test 

Plant  Breeding  NtuBery .... 

Farm  Crops  variety  test 

Plant  Breeding  NtUBery. .  .  . 

Farm  Crops  variety  test 

Plant  Breeding  Nursery. .  .  . 
Farm  Crops  variety  test 

azS 
zaz 
X93 

1 

-0. 394±a  075 
—  .  040:k  .  007 

Do...::.:::.:.:...;:. 

+  .  zoo±  .  045 
+  .oi7±  .o6z 
+  .oo7i:  .049 
—  .a9o±  .087 
+  .o8a±  .050 
+  -315^  -099 

Do 

ig  wheat 

Do 

jct  irhtat 

Do 

hese  results  show  less  effect  of  competition  due  to  the  yield  of  adjacent 
s  than  in  the  case  of  the  height  of  adjacent  rows.  The  coefficient 
lined  in   the   Plant   Breeding   results  for   the   barley   test   was 
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—o.394±  0.075.  'I'his  is  nearly  six  times  the  probable  error,  and  thus 
it  is  statistically  significant.  The  possibility  that  height  and  yield  of 
adjacent  rows  was  one  and  the  same  thing  is  dependent  upon  the  questicm 
as  to  the  relation  of  height  and  yield  for  the  various  crops.  The  correla- 
tion between  height  and  yield  for  the  57  varieties  of  barley  is  +o.2i4± 
0.085. 

The  coefficient  as  obtained  for  spring  wheat,  Farm  Crops  test,  shows 
some  competition  between  adjacent  rows  due  to  3rield. 

Perhi^  the  most  striking  correlation  coefficient  is  that  for  winter 
wheat,  which  is  +0.315  ±0.099.  As  has  already  been  mentioned, 
minus  (— )  coefficients  show  competitive*  effect.  Positive  (+)  coeflS- 
dents  might  be  explained  as  due  to  soil  heterogeneity. 

ACTUAL   EFFECT   OF   HEIGHT   OP   ADJACENT   ROWS  ON   BORDER   ROWS  OP 

SAME  VARIETY 

The  correlation  coefficients  as  calculated  show  whether  there  is  any 
competition  between  rod  rows  of  small  grains  when  the  rows  are  spaced 
at  a  distance  of  i  foot  apart.  The  results  as  computed  show  that  when 
varieties  and  strains  of  small  grains  are  grown  in  rod  rows  there  is 
an  effect  due  to  the  height  of  adjacent  rows  in  the  case  of  barley,  oats, 
and  winter  wheat  in  the  Plant  Breeding  test  and  no  effect  for  the  spring- 
wheat  test.  The  correlation  coefficients  for  the  oat  and  winter-wheat 
results  show  only  a  small  effect,  the  coefficients  being  a  little  less  than 
three  and  two  times  the  probable  errors,  respectively. 

In  the  Plant  Breeding  barley  test  the  effect  is  a  large  one,  and  it  seems 
worth  while  to  demonstrate  the  actual  effect  of  certain  height  differ- 
ences. In  considering  these  results  certain  facts  will  be  repeated.  The 
height  of  each  plot  was  measured  in  centimeters,  and  there  was  no  s^pre- 
dable  differenee  in  height  between  the  border  and  central  rows  in  each 
plot.  If  there  is  any  effect  on  border  rows  of  the  same  variety  due  to 
differences  in  the  height  of  adjacent  rows  one  mig^t  expect,  on  the  aver- 
age, that  the  border  row  which  grew  near  a  short  variety  mi^t  yield 
more  than  a  row  of  the  same  sort  which  happened  to  be  near  a  tall 
variety.  If  this  is  so,  the  result  is  considered  as  a  positive,  or  plus  (-[-) 
difference.  The  avemge  increase,  in  bushels  per  acre,  is  also  given. 
Negative  results  are  preceded  by  a  minus  (— )  sign.  The  results  are 
given  in  3-cnL  classes  for  the  difference  in  height  of  the  neighboring  plot 
(Table  VI). 

The  results  in  Table  VI  show  that  the  actual  effect  on  rows  <A  the  same 
variety  due  to  the  height  of  adjacent  rows  is  of  the  utmost  importance  in 
rod  row  tests  under  conditions  such  as  obtained  for  the  bailey  in  the 
Plant  Breeding  tests. 
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S  VI. — Results  on  yUld  of  border  rows  of  ike  ^ame  variety  of  barley  due  to  differencet 
in  height  of  adjacent  rows 


Average  differences  in  height  of  adjacent  rows. 

Nom- 
berof 
testa. 

Num- 
ber 

Num. 
bcr 
nega- 
tive. 

Average 
differences 

in  yield 
ol  border 

rows  (in 

busheb. 
per  acre). 

Cm, 

a 
2 
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3 
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2 
2 
2 
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3 
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0 
0 
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I 
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I 
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2 

5 
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4.1 
4.8 
^•7 
3-3 
1-5 
1.9 
4.9 

3.5 
2  I 

X6                 TT 

^  ,  I 

9 

7 

+  •7 

nilar  results  as  presented  for  oats  (Plant  Breeding  test)  show  a 
:antial  agreement  between  the  correlation  ooeffidents  calculated  and 
ts  as  obtained  for  the  actual  test  of  effects  of  certain  specific  height 
fences.    These  results  are  given  in  Table  VII. 

3  VII. — Results  on  yield  of  border  rows  of  ike  same  variety  of  oats  due  to  differences 
in  the  height  of  adjacent  rows 


Average  differences  in  height  oC  adjacent  rows. 

Num- 
ber of 
tests. 

Num- 
ber 

Num- 
ber 

nega- 
tive. 

Average 
differences 
in  yield 
of  border 
rows  (in 
busheb. 
per  acre). 

Inches. 

2 

2 
2 
2 

4 
10 

13 
29 

34 
53 

2 
I 
I 
0 
2 
6 

9 
16 
21 
26 
31 

23 
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I 
I 
2 
2 
4 
4 
13 
13 

li 

30 

9.8 

I.  2 

-4.8 

-3-5 

3-3 

2.  0 

11 

3-4 
-A 

-    3 

le  total  minus  (— )  results  for  i  to  12  inches  difference  in  height  are 
ined  by  multiplying  the  average  results  by  the  number  of  tests  and 
ining  S=  177.1.  The  total  plus  (+)  results  are  obtained  in  similar 
ner.    2=268.3. 
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is  entirely  possible  in  a  limited  number  of  tests  that  if  there  is  a 
petitive  effect  between  adjacent  rows  that  in  some  cases  this  might 

to  lower  the  variability  of  the  test.  For  example,  if  a  plot  hap- 
d  to  be  situated  in  a  particularly  favorable  soil  location,  the  rows 
Id  be  expected  to  3aeld  more  than  the  average  for  that  particular 
^ty.  If,  in  addition,  the  border  rows  of  this  plot  grew  near  a  much 
r  variety  or  beside  a  stronger  foraging  variety,  the  effect  of  compe- 
a  would  be  to  lower  the  )deld  and  thus  reduce  the  calculated  coeffi- 
:  of  variability  for  the  variety  in  question.  For  this  reason  the 
icient  of  variability  for  the  yield  of  the  central  rows  is  compared  with 
most  variable  border  row  test.  Results  of  such  comparisons  are 
1  in  Table  IX.  The  probable  error  of  the  difference  between  coeffi- 
s  of  variability  being  calculated  by  the  following  formula,  the  error 
difference  is  equal  to  the  square  root  of  the  sum  of  the  squares  of  the 
Ltities  entering  into  the  difference  (8). 

B  IX. — Comparison  of  ike  difference  between  ike  coefficient  of  variability  of  the 
border  and  central  rows 


CercaL 

Desisiutionoltest. 

DiffcKDce  b^ 
tween  the  coefiBr 

dentol  variability 
ci  the  border 

and  oentral  rows. 

Difference 
-^  prob- 
able error. 

t  (Minnesota  169) 

X) 

Plant  Breeding  Niusery 

Farm  Crops  variety  test 

Plant  Breeding  Nursery 

Farm  Crops  variety  test 

Plant  Breeding  Nursery 

Farm  Crops  variety  test 

Plant  Breeding  Nursery 

Farm  Crops  variety  test 

a.  09±i.  788 

1.  35  ±1-390 
3.  93  ±1.230 
a.  64±i.  613 

za  91  ±4.  208 
3.  63  ±1.386 

2.  74±i.  509 
.94±i.838 

I.  a 
•9 

I.  6 

'MiTinpf^i^  ^Rt) 

)o 

y  (Minnesota  105) 

2.6 

2.6 

n  wheat  (Minnesota  529) 
lo 

1.9 
•5 

le  results  show  no  significant  difference  for  the  spring-  and  winter- 
it  tests  between  the  coefficients  of  variability  of  border  and  central 
The  chances  against  an  occurrence  of  a  deviation  as  large  as  1.9 
s  the  probable  error  as  obtained  in  the  Plant  Breeding  winter-wheat 
is  4.00  to  I.  For  barley  the  odds  against  an  occurrence  of  a  devia- 
as  large  as  2.6  times  the  probable  error,  as  obtained  for  both  Farm 
s  and  Plant  Breeding  tests,  is  11.58  to  i  (9).  The  odds  against  an 
rrence  as  great  as  1.6  and  3.2  times  the  probable  error  as  obtained 
he  Farm  Crops  and  Plant  Breeding  tests  for  oats  are,  respectively, 
to  I  and  31.36  to  i.  It  seems  fair  to  conclude  that  border  rows 
nore  variable  than  central  rows  for  barley  and  oat  tests  and  that  the 
rences  in  variability  of  border  and  central  rows  of  spring-  and  winter- 
it  tests  here  reported  are  of  no  great  importance, 
ie  comparison  between  the  coefficients  of  variability  for  the  3-row 
s  and  central  rows  is  a  means  of  determining  the  value  of  plot  size, 
results  woyld  seem  to  be  more  significant  in  the  case  of  spring  and 
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the  central  rows  and  for  the  3-row  plots,  respectively.  For  these 
s  the  standard  varieties  used  in  the  check  plots  in  the  spring-wheat, 
,  bariey,  and  winter-wheat  tests  have  beoi  used, 
lie  probable  errors  are  often  very  large,  owing  to  the  small  number 
lots  or  rows  in  these  tests  in  which  many  replications  are  studied, 
he  tests  for  the  Farm  Crops  and  Plant  Breeding  work  are  made  in 
ly  separated  fields,  except  in  the  winter-wheat  tests,  it  woidd  seem 

the  condu^ons  for  the  particular  crop  year  in  question  would  be 
Y  sound, 
le  method  of  replication  used  for  the  work  is  as  follows:  If  there 

50  check  plots  in  a  particular  test  and  2  replications  were  to  be 
led,  an  average  of  plot  i  and  plot  26,  plot  2  and  plot  27,  etc.,  was 
0.    Similarly  for  3  replications  and  51  plots  the  averse  of  plot  i, 
18,  and  plot  35,  etc.  was  taken. 
le  value  of  replications  in  Haynes  Bluestem  wheat  is  given  in  Table 


S  XI. — Value  of  repiicaUon  of  central  rows  and  j-row  plots  of  Haynes  Bluestem 
\eat  {Minnesota  i6g)  used  as  a  check  in  the  Farm  Crops  and  Plant-Breeding  tests 


kigxiaticn  of  test. 

Method  of  test. 

Num- 
ber ol 
tests. 

Mean. 

Standard 
deviation. 

Coefficient  oC 
variability. 

2rops  variety  test . . 

Single  ccntnu  rows 

5 

20.6±0.26l 

20. 6±  .  19X 
20. 6±  .323 
20. 7±  .370 
20. 8±  .167 
20.7:!:  .240 
20. 7±  .250 
20. 7±  .3x4 
20. 7±  .136 
20. 7±  .1x9 
XI. 72b  .ICO 
ii.6±  .174 
II.  6±  .239 
II. 8±  .193 
XX.  6±  .165 
ii.4±  .241 
XX.  6±  .157 
XX.  6±  .158 
XX.  5±  .128 
XX. 8±  .162 
XI.  8±  .157 
XX.  6±  .148 

i.5o±o.  185 
.7S±  .135 

I.07±    -228 

.9S±  -262 
.3S±  .1x8 
l.38±  .170 
.98±  .X77 
1.04:1:  .222 
.3S±  .096 
.25±  .084 
a.oi±  .134 
x.29±  .X23 
x.46±  .X69 
.99±  .X36 
.69:!:  .xx6 
.8o±  .X7X 
x.66db  .XXX 

X.X7±   .XX2 

.78±  .090 
.83±  .XX4 
.66±  .XIX 
.49±  .X04 

7.28*0.896 
3.64±  .656 

5.  X9±i.  107 
4. 59d:X.  364 

4  repficatioas 

6  r^Iications 

x.68±  .566 
6.67±  .82X 

3-row  plots 

2  rephcations 

4. 73±  .853 

3  replications 

5.02±x.o7i 
l.69±  .465 

4  replications 

6  repficatHms 

l.2X±  .408 

Brceidins  Nursery . . 

2  replications 

X7.25±x.  187 
xx.o8:ti.o67 

3  replicatioas 

l2.6o:Lx.  487 

4  r^lications 

8.37dbi.  164 

6  replications 

5.94^1.002 
7.02^1.497 

9  r^iications  . . 

3-row  plots 

X4.30±  .974 
Xo.X2±  •975 

3  replications 

6.76±  -782 
7.o6±  .972 
5.62±  .948 
4.22db  .900 

4  replications 

6  repHcations 

9  replications 

)r  the  Farm  Crops  test  of  Minnesota  169  wheat  there  were  only  15 
5  available.  For  this  reason  the  Farm  Crops  results  for  the  value  <rf 
cations  are  less  reliable  than  the  Plant  Breeding  tests,  where  51 
5  were  grown.  In  the  Farm  Crops  work  for  the  central-row  repli- 
m  studies  the  use  of  any  number  of  replications  from  two  to  four 
is  about  equally  accurate.  Six  replications,  as  compared  with  two, 
t  a  difference  in  the  standard  deviation  of  0.40  ±0.1 79.  This  is 
ttly  more  than  2  times  the  probable  error. 

or  the  test  of  replications  in  the  3-row  plots  two  or  three  replications 
sar  to  be  about  equally  reliable.  Four  replications  are  much  more 
irate  than  three,  the  difference  in  the  standard  deviation  of  four 
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renty  plots  were  used  for  the  Farm  Crops  test  and  59  for  the  Plant 
jing  work.  There  appears  to  be  very  litUe  difiference  in  variability  as 
mined  by  the  Farm  Crops  or  Plant  Breeding  results,  the  Plant  Breed* 
oeffidents  of  variabiUty  for  the  respective  replications  being  only 
Lly  larger  than  those  which  were  obtained  for  the  Farm  Crops  test. 

the  Farm  Crops  test  there  is  a  large  reduction  in  the  standard 
ition  for  two  replications  as  compared  vnth  a  single  replication.  A 
L  reduction  in  variability  for  three  as  compared  with  two  replica- 
is  apparent.  Three  or  four  replications  appear  to  be  about  equally 
)le.  There  is  a  laige  reduction  in  the  standard  deviation  due  to  six 
rations  as  compared  with  three.  For  the  central  row  tests  the 
ence  in  the  standard  deviation  for  yield  of  six  repUcations  as  com- 
1  with  three  is  1.80^0.884.  This  is  slightly  more  than  two  times 
robable  error. 

e  comparison  of  3-n>w  plots  and  central  rows  shows  little  difference 
ny  number  of  replications  except  nine,  and  such  differences  as  are 
ned  for  this  number  of  repUcations  are  in  favor  of  the  use  of  central 
as  compared  with  3-n>w  plots. 

r  the  Plant  Breeding  test  there  is  little  difference  between  the  use  of 
r  plots  and  central  rows  for  any  number  of  replications  below  nine, 
s  is  an  apparent  advantage  in  favor  of  the  use  of  3-row  plots  for 
replications.  As  this  result  is  exactly  the  reverse  of  the  Farm 
s  result  for  nine  tests,  it  would  indicate  that  these  results  are  chance 
lations. 

r  the  central  rows  three  replications  appear  to  be  as  reliable  ks  any 
3er  below  nine.  There  is  some  advantage  in  the  3-row  plot  tests  for 
s  compared  with  three  repUcations.  This  is,  however,  of  doubtful 
Seance,  the  difference  in  the  standard  deviations  being  0.99^0.541. 

repUcations  appear  to  be  as  reliable  as  nine  repUcations  for  the 
1  Crops  work.    It  is  of  interest  to  note  that  three  repUcations  reduce 
rror  about  50  per  cent  as  compared  with  a  single  test. 
le  results  for  repUcations  in  bailey  are  given  in  Table  XIII. 

B  XIII. — Value  of  replication  of  central  rows  and  j-row  plots  of  Manchuria  barley 
(Minnesota  lo^)  used  as  a  chedt  in  the  Farm  Crops  and  Plant  Breeding  tests 
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-row  plots  seem  significantly  better  than  three,  although  there  is 
doubt  about  the  accuracy  of  this  conclusion  when  one  notes  that 
eplications  give  a  lower  variability  than  six.  Twelve  replications 
apared  with  three  show  a  difference  of  3.71  ±1.041. 

SUMMARY  OF  RESULTS 

In  a  study  of  competition  between  rod  rows  of  small  grains  grown 
apart  there  was  some  efifect  on  the  yield  of  border  rows  of  the  same 
y  due  to  height  of  adjacent  rows  of  barley,  winter  wheat,  and  in 
\  two  tests  an  indication  of  such  effect  in  oats.  The  results  were 
»le  in  different  plots,  such  variation  being  due  possibly  to  the  envi- 
ntal  conditions.  There  was  no  apparent  effect  of  height  of  adjacent 
m  the  yield  of  border  rows  of  the  same  variety  in  spring  wheat. 
The  yield  of  adjacent  rows  appeared  to  be  of  some  importance  in 
'  tests  and  in  the  Farm  Crops  spring-wheat  tests.  Correlations 
Led  for  other  tests  indicated  considerable  soil*  heterogeneity. 
The  effects  of  the  height  of  adjacent  rows  for  the  barley  Plant- 
ing tests  was  unquestionable.  The  effects  of  the  height  of  adjacent 
ivere  suflSdent  to  often  cause  differences  of  4  or  5  bushels  per  acre 
\  yield  of  border  rows  of  the  same  variety  of  barley. 
The  comparison  of  yield  variability  of  border  and  central  rows  of 
plots  of  barley,  oats,  spring  and  winter  wheat  was  further  evi- 
of  the  competitive  effect  of  rod  rows  of  small  grains  when  grown 
apart.  In  nearly  all  tests  the  border  royrs  proved  to  be  more  vari- 
n  yield  than  the  central  rows. 

The  check  plots  of  oats,  spring  and  winter  wheat,  and  barley  were 
:or  a  study  of  the  value  of  replications  in  reducing  error.     In  nearly 
>ts  three  replications  as  compared  with  a  single  plot  reduced  error 
to  50  per  cent. 

(a)  In  the  spring-wheat  Farm  Crops  tests  for  central  rows  four 
eplications  gave  about  the  same  coefficient  of  variability  as  nine 
eplications  for  the  Plant  Breeding  test.  In  the  Farm  Crops  series 
ix  replications  reduced  the  error  by  over  50  per  cent  as  compared 
nth  three  replications.  The  lack  of  agreement  between  the  Plant 
Breeding  and  Farm  Crops  test  may  be  explained  by  the  serious 
)lack-stemrust  epidemic  which  attacked  the  Plant  Breeding  Nursery. 

(6)  For  the  Farm  Crops  oat  test  six  replications  reduced  the  error 
by  about  25  per  cent  as  compared  with  three  replicaUons.  For  the 
Plant  Breeding  tests  three  replications  were  about  as  valuable  as 
uiy  higher  number  below  nine. 

(c)  For  the  barley  tests  three  replications  seemed  to  be  about  as 
accurate  as  any  number  below  six. 

(S)  For  the  winter-wheat  results  three  or  four  replications  reduced 
the  error  about  50  per  cent  and  appeared  to  be  about  as  accurate  as 
any  number  below  12. 


Digitized  by 


Google 


Digitized  by 


Google 


Technic  in  Rod  Row  Tests 


LsiDN^,  R.,  and  Albxandrowitsch,  J. 

\    SINSR   NBUSN    MBTHODS   ZUR  SORTSN-    UND  Lir 

GBTRBiDB.    In  Ztschr.  Pflanzenzadit.,  Bd.  2,  He 
17-21. 

*ENT     FOR     VARIETY     EXPBRIMBNTS     WITH     CORN. 

«.  Agron.»  V.  i,  1907/09,  p.  84-89. 

ARL,  Raymond. 

RRBCTINO  FOR  SOIL  HBTBROGBNEITY  IN  VARIETY  Tl 

earchy  v.  5,  no.  22,  p.  1039-1050.     Literature  cite 


rLUSTRATBD   LECTURE    ON    ESSENTIALS    OF    SUCCES 

ENTATiON.    U.  S.  Dept.  Agr.  Office  Exp.  Stas.  Fan 
),  24  p. 

(  PRECAUTIONS   IN  PLAT   EXPERIMBNTATION.       In   J 

ran.,  V.  I,  1907/09,  p.  39-44.    Cites  Marek  (p.  40). 


Digitized  by 


Google 


Digitized  by 


Google 


HYDROCYANICACID  GAS  AS  A  SOIL  FUMIGANT 

By  E.  Ralph  dh  Ono, 
Instructor  in  Entomology,  Agricultural  Experimint  Station  of  the  University  of 

Caltfomia 

INTRODUCTION 

\ioagh  much  has  been  written  on  soil  fumigation,  it  can  not  be  said 
we  have  a  satisfactory  method  for  treatment  against  soil  insects. 
t  of  such  work  has  been  done  in  Prance  with  carbon  disulphid  against 
loxera,  but  no  reliable  data  on  sml  work  exist  regarding  the  avail- 
ty  of  hydrocyanic-add  gas,  the  most  efficient  fumigant  known  in 
ard  and  house  work;  hence,  the  following  study  was  made  of  the 
m,  of  hydrocyanic-add  gas  in  the  soil  and  its  effect  on  germinating 
3  and  plants. 

ly  extensive  treatment  of  the  soil  must  be  considered  in  relation  to 
s  grown  thereon,  espedally  those  occupying  the  ground  for  a  period 
le  year  or  more.  Operations  possible  while  the  ground  is  occupied 
.  crop  are  much  to  be  preferred,  although  knowledge  of  the  treat- 
t  of  unplanted  areas  is  very  desirable.  The  experiments  to  be 
ribed  in  this  paper  were  made  largely  with  the  idea  of  the  treatment 
xnipied  ground,  for  it  follows  as  a  matter  of  course  that  treatment 
h  is  safe  for  planted  areas  is  also  safe  for  bare  land. 
vo  distinct  lines  of  work  are  necessary  for  the  study  of  this  subject : 
)  Bstablishing  a  definite  ratio  between  the  minimum  point  of  tox- 
to  insects  and  the  maximum  dosage  which  is  safe  to  germinating 
3  and  plants. 

)  A  study  of  the  physical  and  chemical  action  of  the  gas  in  the  soil; 
ate  and  extent  of  diffusion  and  absorption  by  soil  water;  the  adsorp- 
of  the  gas  by  sml  partides  and  its  decomposition  by  certain  soil 
tituents. 

.  RELATION  OF  POINT  OF  TOXICITY  OF  INSECTS  AND  PLANTS 

any  data  have  been  accumulated  by  the  various  Experiment  Sta- 
3,  and  particularly  by  the  California  Station,  regarding  the  toxidty 
lydrocyanic-add  gas  to  insects.  Likewise  there  are  many  data 
)  ^  available  on  the  effects  of  the  gas  on  plants,  but  practically  all 
3em  are  based  on  house  experiments  where  the  actual  concentration 
ae  gas  is  not  accurately  known.  Therefore  it  was  necessary  to  make 
w  tests  to  establish  a  basis  of  comparison. 

method  elaborated  by  Prof.  C.  W.  Woodworth,  of  the  California 
ion,  in  the  investigation  of  the  action  of  hydrocyanic-add  gas  on 
eggs  of  certain  insects,  makes  use  of  the  vapor-tension  laws  of  gases. 

1  Reference  is  made  by  mimbcr  (italic)  to  '*  literature  dted,"  p.  436. 
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It  was  found  that  the  concentration  of  hydrocyanic-add  vapor  in  the 
air  over  a  simple  aqueous  solution  of  the  gas  quickly  becomes  constant 
if  a  relatively  large  volume  of  the  solution  were  held  in  a  small  closed 
container.  Furthermore,  if  the  temperature  is  constant,  it  was  shown 
that  the  concentration  of  the  hydrocyanic-add  vapor  in  air  tmder  the 
above  conditions  was  dependent  on  the  concentration  of  the  solution. 

A  solution  of  hydrocyanic-add  gas  was  made  by  dissolving  i  gm.  of 
sodium  cyanid  in  i  liter  of  water  and  adding  1 5  c.  c.  of  lo  per  cent  sulphu- 
ric add.  (This  is  actually  an  aqueous  solution  of  hydrocyanic-add  gas  in 
a  sodium-sulphate  solution,  probably  containing  a  slight  excess  oi  sul- 
phuric add.)  The  air  in  a  dosed  container  above  a  relatively  large  volume 
of  such  a  solution  contained  approximately  0.3  per  cent  of  hydrocyanic- 
add  vapor,^  which  is  within  the  range  of  strength  used  for  fumigation  work. 

If  air  were  slowly  aspirated  through  this  solution,  it  also  would  contain 
approximately  0.3  per  cent  hydrocyanic-add  vapor.  Other  solutions 
were  made  up  similar  to  the  above,  but  of  different  concentrations,  the 
amount  of  sodium  cyanid  being  reduced  one-half  in  each  succeeding 
culture  until  the  minimum  point  of  toxidty  was  reached. 

Houseflies  (Musca  domestica)  were  exposed  to  the  following  range 
of  dilutions  in  dosed  test  tubes  (Table  I) : 

TablS  I.—ConcentraHon  of  gas  used  on  house/lies 


Sodhm 

Appwnrfanate 

a«^« 

ApprarioMte 

cysitiQ  per 

CQOoeatratioii 

cyanid  per 

liter. 

of  CM. 

Star. 

offM. 

Gm. 

Pmetm, 

Gm, 

Pm€mtL 

Z.O 

a  3000 

a  0625 

a  0x87 

•5 

.1500 

.<^" 

.0093 

.25 

.0750 

.0156 

.0046 

•"5 

•  0375 

» 

'  The  mcUiod  of  calmteting  Uie  inoimt  ot  hydrocywwfMidd  in  in  air: 

A  ftandard  lodiam-cyanid  tokitioD  is  made  up  aa  above,  containing  x  gm.  cf  aodiom  cyanid  per  littr 
and  X5  c.  c.  of  10  per  cent  aolpltaric  add.  Air  it  aspirated  ftratthronghthjaaolntion.  then  through  Ww 
iodin  sohitioa  (containing  a  little  sodium  carbonate)  ontil  the  latter  is  completely  decolorized,  the  ntii 
being  36.5  c  c  d  air  (the  mean  of  a  number  of  experiments)  ->  1  c  c  of  NItoo  Iodin. 

One  eqnivaknt  ol  iodin  is  cqoal  to  two  equivalents  of  HCN.  according  to  the  sense  ol  the  foUowiiig  cqat* 

tioo: 

HCN-i-It-HI+ICN;  therefore 

X  c  c  NItoo  I—aooMssx  im*  HCN 
I  cc  NItoo  l^   36.5  cc  air 
36.S  c  c.  air    "-0.000135X  gm.  HCN 


xccair        — 


B.HCN 


36.5 

^0.0001jg» 

36.S  ^' 

—00037  SB.  HCN 

x.f9  gm.  at  o*  C  and  760 
7SS.6 
C 


1,000  c.  c.  air 

iHterair 
xlitcrair 


x,ooo  c  c-X^S^^^"W7«»  c.  c.  air 
937.a  c  c  weighs  x.9099  gm. 
I^X  100-0.306  per  cent  HCN  hi  air. 
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In  the  concentration  of  0.0156  gm.  of  sodium  cyanid  per  liter  (eqniva- 
it  to  0.0046  per  cent  of  hydrocyanic-add  gas  over  the  solution)  nian> 
the  flies  were  dead  at  the  end  of  i>^  hours;  the  others,  being  apparently 
rmal,  were  freed.  A  second  series  of  experiments  with  hydrocjranic- 
d  gas  was  made  on  the  following  insects:  Phylloxera  {Phylloxera 
iairix),  tree  hoppers  (Stictocephala  festina),  leaf  hopper  (AgaUia  sp.), 
iseflies  {Mtisca  domesiica),  beetles  (Diabroiica  sorer),  with  the  results 
en  in  Table  II. 

TablS  II. — Effect  of  hydrocyanic-acid  gas  on  insects 
[Time  of  ociMeure  one  hour) 


Appnnd- 

cyanid 

matecon- 
oentratioa 

1 

pcrlher. 

of  gas  above 
liquid. 

Phylknt- 

Uaf 

Hons^ 

Beetles. 

era. 

hoppers. 

flies. 

Gm, 

Pwunt, 

I.  0 

0-3 

Dead... 

Dead... 

Dead... 

Dead. 

.5 

.15 

...do.... 

...do.... 

...do.... 

Do. 

•25 

07s 

...do.... 

...do.... 

...do.... 

Do. 

•"5 

0375 

...do.... 

...do.... 

...do.... 

Do. 

.0625 

0x87 

...do.... 

...do.... 

...do.... 

Alive. 

.031a 

0093 

...do.... 

...do.... 

...do.... 

Do. 

.0156 

0046 

...do.... 

...do.... 

...do.... 

Do. 

.0078 

0023 

...do.... 

...do.... 

xo    per 

Do. 

cent 

alive. 

.0039 

.OOZI 

Alive... 

Alive... 

Alive... 

Alive. 

L  concentration  of  approximately  0.0046  per  cent  hydrocyanic-add 
in  the  atmosphere  within  the  test  tube  was  the  minimum  point  of 
idty  to  flies  in  both  experiments.  For  beetles  a  gas  eight  times  as 
mg — that  is,  0.037  V^^  c^^it  of  hydrocyanic-add  gas — is  necessary  to 
se  death. 

GERMINATION  TESTS  WITH  HYDROCYANIC- ACID  GAS  SOLUTIONS  * 

'ests  were  made  on  alfalfa  {Medicago  saiiva),  turnip  (Brassica  rapa), 
n  {Zea  mays),  and  lettuce  {Lactuca  saiiva)  seed  to  determine  the 
!Ct  of  hydrocyanic-add  gas  solutions  on  germination.  Glass  tumblers 
3e  used  as  containers  for  the  solution,  the  seeds  being  placed  in  the 
S8  on  swings  which  just  touched  the  surface  of  the  water.  The 
ablers  were  sealed  with  paraffined  paper  held  in  place  with  a  rubber 
id.  The  temperature  of  the  room  throughout  the  experiment  ranged 
m  19.5^  to  24^  C.    Fifteen  dilutions  of  the  hydrocyanic-add  gas  solu- 

>Be  polat  diODld  be  iMted  in  Uib  CBtiK  scries  ol  cxpcrimcnte--'viz,  the  pocs^ 

Iphnricaddinthesohttioaofhydrocyanio-acidgM.  With  these  experiments  it  was  the  intention  to 
(astenoachsalplmric  add  to  combine  with  the  sodium  and  free  all  the  hydracyanic^uidsM^  In  some 
I  sU  the  add  midit  not  have  been  nentralized  and  possibly  would  of  itself  cause  some  injury,  or  the 
mn  sulphate,  one  of  the  products  resultinc  from  the  reaction  of  sulphuric  add  with  sodium  cyanid. 
lit  also  have  some  action  on  the  plant. 
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feet  (not  shown  in  Table  III)  was  the  more  rapid  growth  of  the  seed- 
igs  and  their  deeper  color  in  the  dilution  immediately  adjacent  to 
lere  the  definite  retarding  action  ceased.  A  diagram  of  the  heights  is 
own  in  figure  i. 

The  maximum  height  of  the  alfalfa  seedlings  was  reached  at  a  dilution 
0.0023  gm.  of  sodium  cyanid  per  liter  (equivalent  to  0.0006  per  cent 
hydrocyanic  add  over  the  solution). 

8PPBCT  OF  HYDROCYANIC-ACID  GAS  ON  CUmNGS  AND  SEEDLINGS 
Z.  PI^ANTS  IN  SOIL  WATSRED  WTTH  HYDROCYANIC- ACID  OAS  SOLUTIONS 

Seedlings  of  lettuce  and  turnip  and  six  weeks'  old  turnips  and  beets 
tre  planted  in  tumblers  containing  soil,  and  watered  with  hydrocyanic- 
id  gas  solutions,  i  ounce  of  the  solution  being  used  to  the  tumbler. 


M         r-  O 


I  ?  M  M  M  H  M  I  I  I 

t 

\.  X.— Diacram  afaowinc  the  relative  heigltU  of  the  alCalU  seedfings  srown  in  hydrocyanioadd  gas  aolu- 
tioas  produced  by  addtng  salphnric  add  to  sodium  cyaald  in  solution. 

le  first  solution  contained  18.779  &^'  ^^  sodium  cyanid  per  liter,  with 
proportionate  amount  of  add  as  in  the  germinating  experiments,  giv- 
g  approximately  a  5.6  per  cent  of  hydrocyanic-add  gas  over  the  solu- 
m,  the  amount  of  sodium  cyanid  being  reduced  one-half  each  time 
rough  a  series  of  12  graduations,  the  thirteenth  culture  being  a  con- 
ol  of  pure  water.  One  or  more  plants  were  placed  in  each  tumbler 
id  sealed  with  paraffined  paper  held  in  place  with  a  rubber  band.  The 
ivering  paper  was  slit  to  the  center,  the  plant  inserted  in  the  opening 
id  the  edges  of  the  paper  drawn  together  and  sealed  with  melted 
iraffin  dose  up  to  the  stem  of  the  plant.  In  this  way  the  roots  were 
q>osed  to  the  hydrocyanic-add  solution  and  to  a  sodium-sulphate  solu- 
on,  but  the  gas  did  not  come  in  contact  with  the  leaves. 
All  the  plants  in  the  first  five  containers  were  killed  and  only  in  the 
nl  watered  with  the  ninth  solution  which  contained  0.0733  gm.  of 
:)dium  cyanid  per  liter  (equivalent  to  0.0219  per  cent  of  hydrocyanic 
dd  over  the  solution)  did  the  plants  remain  normal. 
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2.  PLANTS   WITH    ROOTS   IMMBR8BD  IN   AQUEOUS    SOLUTIONS   OF   HYDROCYANIC-ACID 

GAS 

Turnip  and  lettuce  seedlings  and  three  months'  old  turnip  plants  weie 
removed  from  the  soil  in  which  grown  and  the  roots  were  immersed  in 
hydrocyanic-add  gas  solutions  and  sealed  in  as  above.  In  this  experi- 
ment, as  in  the  former,  all  the  plants  were  killed  down  to  and  including 
dilution  1.1742  gm.  of  sodium  cyanid  per  liter  (equivalent  to  0.3522  per 
cent  of  hydrocyanic-add  gas  over  the  solution).  The  minimiitn  point 
at  which  the  plants  were  normal  was  very  dose  to  the  first  series;  but 
there  was  this  difference:  In  three  dilutions,  0.0091  to  0.00225  gni-  <rf 
sodium  cyanid  per  liter  (equivalent  to  0.00273  to  0.000675  per  cent  of 
hydrocyanic-add  gas  over  the  solutions)  an  acceleration  in  growth  was 
noticed,  while  none  was  noted  in  the  first  series. 

3.  CUTTINGS  IN  AQUEOUS  SOLUTION  OP  HYDROCYANIC- ACID  GAS 

The  various  solutions  of  hydrocyanic-add  gas  were  made  up  as  before, 
and  cuttings  of  chrysanthemum  (Chrysanihentum  sp.)  and  wandering 
jew  (Zebrina  pendula)  were  partially  immersed  in  the  solutions.  The 
plants  in  this  series  were  the  most  resistant  of  any  of  those  tried.  From 
Table  IV  it  will  be  seen  that  only  in  solutions  containing  9.394  gm.  of 
sodium  cyanid  per  liter  (equivalent  to  2.818  per  cent  of  hydrocyanic-add 
gas  over  the  solution)  were  all  of  the  cuttings  killed,  the  point  ot  normality 
being  0.0733  gm.  of  sodium  cyanid  per  liter  (equivalent  to  0.0219  per  cent 
of  hydrocyanic  add  gas  over  the  solution). 

The  experiments  on  plants  thus  far  have  been  with  aqueous  solutions 
of  hydrocyanic-add  gas,  in  which  some  part  of  the  plant  was  immersed. 
To  make  these  experiments  comparable  with  those  on  insects  where  the 
gas  was  used  (instead  of  an  aqueous  solution  of  hydrocyanic-add  gas), 
it  must  be  known  whether  or  not  the  effect  of  hydrocyanic-add  gas  on 
the  leaves  is  comparable  to  the  action  of  the  gas  solution  on  the  roots. 

4.  PLANTS  WTTH  LSAV8S  HXP08SD  TO  HYDROCYANIC- AOD  GAS,  WITH  ROOTS  PROTBCTSD 

The  ordinary-sized  tumbler  was  partially  filled  with  water,  and  inside 
the  tumbler  a  whisky  glass  was  placed  containing  ^  ounce  of  hydrocyanic- 
add  gas  solution,  the  first  one  having  9.394  gm.  of  sodium  cyanid  per 
liter  (equivalent  to  2.818  per  cent  of  hydrocyanic-add  gas  over  the  solu- 
tion) and  being  reduced  one-half  in  each  succeeding  culture,  as  in  previous 
experiments.  Small  seedling  turnips  were  placed  between  the  walls 
of  the  two  glasses,  with  the  roots  extending  into  the  pure  water.  Mdted 
paraffin  was  then  poured  on  the  surface  of  the  water,  thus  sealing  in  the 
plants  and  preventing  the  roots  from  coming  in  contact  with  the  gas. 

By  comparing  the  results  with  those  of  plants  in  aqueous  solutions  of 
hydrocyanic-add  gas  it  will  be  seen  that  the  action  was  similar.  With 
the  gas  acting  only  upon  the  leaves,  all  were  killed,  up  to  and  induding 
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iilution  of  0.5871  gm.  of  sodium  cyanid  per  liter  (eqtiivalent  to  < 
r  cent  of  hydrocyanic-add  gas  over  the  solution),  while  in  the  aq 
utions  all  were  killed;  up  to  and  including  a  dilution  of  1.1742  { 
lium  cyanid  per  liter  (equivalent  to  0.352  per  cent  of  hydrocyani 
\  over  the  solution).  Stimulation  was  shown  in  both  series  at 
I  same  dilution.  In  the  columns  of  Table  IV  showing  plants  in  aq 
utions  of  hydrocyanic-acid  gas  and  soil  watered  with  hydrocyani 
\  solutions,  a  very  close  similarity  will  be  seen  in  the  effect  on  the 
ether  the  roots  are  entirely  immersed  or  the  plant  is  grown  in 
istened  with  hydroc3ranic-acid  gas  solutions. 

TablS  IV. — Summary  of  effect  of  hydrocyanic-acid  gas  on  plants 


lium  cjrsnid 
per  liter. 

SoU  watered  with 
solutions  of 
tiydrocsranioacid 
gas. 

Roots  in  AQoeotts 
solutions  of 
hydrocyanioftdd 

Cuttinis  in  aqueous 
solutions  of 

•M. 

hydrocyi 
gas. 

Gm, 
18.  788 
9.394 

4.697 

2.348s 
1. 1742 

.5871 

•293s 

.1467 

•0733 

.0366 
.0183 

.0091 

.0045 

.00225 
Water. 

Dead 

.    .do  .. 

Dead 

Dead 

Dead. 

do 

do 

do 

do 

50     per     cent 
shnveled. 

50    per    cent 
dead. 

Shriveled 

f  Tips  growing;... 

Stems     shnv- 
eled. 

20    per     cent 
alive. 

80     per    cent 
dead. 

Tips  growing... 

Stems  wilty — 

75     per    cent 

normal. 
25     per    cent 

deidT 

Normal 

Do. 
Do. 

do 

50     per     cent 

shnveled. 
50     per     cent 

dead. 
[25     per     cent 

normal. 
75     per    cent 
1    dead. 
'50    per    cent 

normal. 
50     per     cent 
dead. 

Nonnal 

do 

25     per     cent 

ali(re. 
75     per     cent 

dead. 
50     per     cent 

normal. 
50     per    cent 

dead. 
88     per     cent 

normal. 
12     per    cent 

deid. 
94    per    cent 

normal. 
6  per  cent  dead. 
Normal 

Do. 
Do. 

Partially 

Do. 

Tender 
dead. 

.   .do 

do 

Dead. 

.do.        .   . 

..do 

do 

Do. 

do 

do 

do 

do 

20    per    cent 
acceleration. 

80    per    cent 
nonnal. 

90     per    cent 
normal. 

10    per    cent 
acceleration. 

[5  per  cent  ac- 
celeration. 

95     per    cent 
normal. 

Normal 

...do 

do 

Normal. 
Do. 

do 

Do. 

do 

Do. 
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The  minimum  dosage  for  killing  all  the  lettuce  seedlings,  the  most 
susceptible  plants  experimented  with,  was,  in  the  case  of  gas  applied  to 
the  leaves  cmly,  a  dilution  0.5871  gm.  of  sodium  cyanid  per  liter  (equiva- 
lent to  0.176  per  cent  of  hydrocyanic  add  gas  over  the  solution),  and  at 
this  concentration  each  of  the  plants  tested  showed  a  death  rate  of  from 
50  to  80  per  cent  when  the  solutions  were  applied  to  the  roots.  Prom 
this  it  will  be  seen  that  the  gas  alone  is  almost  as  toxic  when  applied  to 
the  leaves  as  the  hydrocyanic-add  gas  solution  is  when  applied  to  the 
roots. 

TablS  V. — Minimum  dosages  toxic  to  insects  experimented  upon<^ 

ApiJtXMrinntf 
Jaatct.  cyttoid  i>er        ooaccntratioo 

oCgas. 


PtTCtnL 

Phylloxera a  0078  a  0023 

Houaeflies .  0156  .  0046 

Beetles .125  .0375 

alfaximam  dotage  hannkM  to  all  plants  cxpcrfanoited  with  both  in  the  gaseous  and  sohitioo  fonm  d 
the  add  was  0.0366  gm.  oC  sodium  cyanid  per  liter,  approodmatdy  0.0x09  per  cent  of  hydrocyanic-add  c» 
OTcr  the  solution. 

These  experiments  indicate  that  a  dosage  toxic  to  flies  and  phylloxera— 
viz,  0.0156  gm.  of  sodium  cyanid  per  liter  (equivalent  to  0.0046  per  cent 
of  hydroc)ranic-add  gas  over  the  solution) — ^would  be  safe  for  all  the  plants 
experimented  upon;  but  for  the  beetles  used  so  much  stronger  dosage  is 
required  that  it  would  be  extremely  injurious,  if  not  fatal,  to  every  plant 
experimented  upon.  Before  planted  areas  could  be  treated  it  would  be 
necessary  to  determine  experimentally  the  minimum  dosage  fatal  to  the 
insects  present  and  compare  that  with  plants  grovdng  thereon,  besides 
considering  reactions  of  the  gas  and  the  soil.  There  would  probably  be  a 
considerable  margin  of  safety  on  some  soils  between  the  killing  stret^[tlis 
necessary  for  an  insect,  such  as  the  phylloxera,  and  injury  to  more  hardy 
plants,  espedally  in  the  dormant  season. 

B.  PHYSICAL-CHEMICAL  ACTION  OF  HYDROCYANIC-ACID  GAS  IN  THE 

SOIL 

If  hydrocyanic-add  gas  is  used  as  a  soil  f umigant,  it  will  be  necessary 
to  fill  the  soil  with  gas,  dther  from  soditmi  C3ranid  placed  in  the  soil  and 
decomposed  into  hydrocyanic-add  gas,  or  by  generating  the  gas  at  the 
surface  and  fordng  it  into  the  soil.  Tubes  sunk  into  the  soil  to  various 
depths  make  it  possible  to  draw  out  the  gas  for  measurement.  The  con- 
centrations thus  determined,  compared  with  the  data  given  above  on  the 
toxidty  of  the  gas  to  insects,  would  indicate  the  probabilities  of  the 
presence  of  a  killing  strength  of  hydrocyanic-add  gas  in  the  soil. 

For  dravdng  gas  out  of  the  soil  ^^-inch  gas  pipe  cut  into  36-inch  lengths 
was  used.  The  tubes  may  be  sunk  to  any  depth,  up  to  30  inches,  at  which 
a  determination  is  desired.  To  operate,  the  tube  is  sunk  into  the  ground 
a  short  piece  of  rubber  tubing  is  drawn  over  the  end  projecting  out  of  the 
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A\]  into  the  open  end  of  this  tubing  a  rubber  stopper  (through  which  a 
lort  piece  of  glass  tubing  is  inserted)  is  forced,  effectually  sealing  the 
d]  tube.  The  glass  tubing  in  the  stopper  is  the  outlet  through  which 
le  soil  air  is  drawn.  These  tubes  will  be  spoken  of  as  ''sampling  tubes/' 
order  to  distinguish  them  from  the  "soil  tube'*  used  later  on  in  the  ex- 
^riment  for  studying  the  diffusion  of  gas  in  the  soil. 
Experiments  were  begun  in  a  clay-loam  soil.  In  this  the  sampling 
bes  were  sunk  to  a  depth  of  30  inches,  and  sodium  cyanid  in  four  differ- 
t  forms  was  introduced  into  the  soil  at  the  same  depth. 

1.  Lump  sodium  cyanid  was  placed  in  the  groimd,  and  double  the 
lount  of  sulphuric  add  necessary  to  free  the  gas  was  poured  on  it,  but 
e  acid  soaked  into  the  ground  before  the  sodium  cyanid  was  dissolved. 

2.  An  aqueous  solution  of  sodium  cyanid  without  acid  was  poured 
wn  one  of  the  tubes  and  air  drawn  off  from  a  second  tube  i  foot  distant 
)m  the  first  and  at  the  same  depth,  the  air  being  aspirated  through  25 
c.  N/ioo  iodin;  no  trace  of  hydrocyanic-acid  gas  was  shown  in  several 
als. 

3.  An  aqueous  solution  of  sodium  cyanid  was  poured  into  a  pipe  as 
fore,  followed  with  the  usual  amount  of  add  necessary  to  rdease  all  the 
5,  likewise  without  recovering  the  gas  by  aspiration  through  an  adjacent 
be. 

(^.  Various  forms  of  apparatus  for  generating  gas  on  the  surface  and 
dng  it  into  the  soil  were  used,  the  first  one  bdng  known  as  the  '*  Babo 
aerator,"  in  which  only  enough  pressure  was  generated  to  force  the 
3  out  of  the  generator.  A  modified  form  of  this  apparatus  was  then 
spared,  in  which  large  quantities  of  gas  were  generated,  with  slightly 
>re  pressure,  but  with  no  apparent  advantage.  Another  style  of 
aerator  was  devised  by  Prof.  Wood  worth,  giving  a  pressure  of  over 
D  pounds  per  square  inch;  but,  on  trial,  results  similar  to  those  in  the 
aer  experiments  were  obtained,  there  bdng  no  apparent  advantage 
generating  gas  in  quantity  or  at  a  considerable  pressure.  These 
ire  the  most  promising  forms  of  apparatus  used  in  generating  gas  on 
s  surface,  but  all  were  so  tmsatisfactory  that  attention  was  turned  to 
aerating  gas  in  the  soil. 

The  actual  generation  of  gas  in  the  soil  must  be  delayed  during  the 
eration  long  enough  to  allow  for  the  covering  of  the  generator  with 
il  to  a  depth  suffident  to  prevent  any  loss  of  gas.  Provision  must 
JO  be  made  to  prevent  the  filling  of  the  generator  with  soil  or  the  loss 
add  before  the  reaction  is  complete. 

A  pasteboard  box,  paraffined  on  the  inside  to  resist  the  action  of  the 
id,  or  a  tin  can  with  a  tight-fitting  lid,  may  be  used  for  the  generator. 
I  order  to  delay  the  action  of  the  add  on  the  sodium  cyanid  until  the 
eparations  are  completed,  we  wrapped  the  cyanid  in  paper  or  placed 
in  pasteboard  boxes  and  then  dropped  it  into  the  add  solution.  Table 
I  gives  the  result  of  an  experiment  in  a  dry  day-loam  soil. 
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L  series  of  experiments  was  therefore  begun  to  determine  the  effect 
water  and  of  different  soils  on  hydrocyanic-add  gas.  Air  from  a 
containing  i.o  gm.  of  sodium  cyanid  and  15  c.  c.  of  10  per  cent  sul- 
iric  add  in  i  liter  of  water  was  aspirated  through  5  c.  c.  of  Nlioo 
in  until  the  latter  was  decolorized,  this  requiring  468  c.  c.  of  air. 
determine  the  amount  of  gas  absorbed  by  water,  air  from  the  same 
ition  of  hydrocyanic-add  gas  as  above  was  aspirated  through  50  c.  c. 
vater  and  then  into  iodin  tmtil  the  latter  was  decolorized,  the  result 
ig  that  3,456  c.  c.  of  air  decolorized  5  c.  c.  of  N/ioo  iodin. 

AIR  ASPIRATBD  DIRBCTLY  INTO  IODIN 

t  was  found  that  468  c.  c.  of  air  from  the  above  solution  decolorized 
c.  of  N/ioo  iodin  when  introduced  directly,  while  it  was  necessary 
ise  3,456  c.  c.  of  air  from  the  same  solution  to  decolorize  an  equal 
3unt  of  iodin  when  aspirated  first  through  50  c.  c.  of  water,  showing 
t  the  latter  absorbed  the  gas  from  2,988  c.  c.  of  air,  equivalent,  ac- 
iing  to  the  above  data,  to  31  c.  c.  of  N/ioo  iodin. 
'o  obtain  an  approximate  idea  of  the  amount  of  hydroc3ranic-add 
necessary  to  saturate  the  soil  at  a  definite  partial  pressure  of  hydro- 
nic-add  gas,  air  from  the  standard  solution  as  above  was  aspirated 
)ugh  a  tube  containing  50  gm.'of  soil  until  no  more  gas  was  absorbed, 
the  first  titration  it  required  2,740  c.  c.  of  air  when  drawn  through 
soil  to  decolorize  5  c.  c.  of  N/ioo  iodin,  while  540  c.  c.  direct  from 
hydrocyanic-add  gas  solution  gave  the  same  result.  The  difference 
^een  the  amounts  aspirated  through  the  soil  and  that  directly  from 
gas  solution  gave  the  total  amotmt  of  hydrocyanic-add  gas  absorbed, 
dsorbed,  or  chemically  decomposed  by  the  soil,  which  was  equivalent 
.6  c.  c.  of  N/ioo  iodin,  in  contrast  with  the  equivalent  of  31  c.  c.  of 
00  iodin  absorbed  by  a  similar  amount  of  water.  Table  VIII  indi- 
»  the  gradual  approach  to  the  point  of  saturation. 

Tabids  VIII. — Saturation  of  soil  with  hydrocyanic-acid  yo* 


Character  of  80U. 

TitntMn. 

Control. 

piflferaioe. 

Jy  loam ' 

c.c. 

2,740 
880 
620 

^^ 
460 

C.e, 
S40 
510 

SIO 
415 

C.c. 
2,  300 

60 

370 

no 

Do 

Do 

70 
4S 

Do 

Total  quantity  of  air  required  to  saturate  soil 

2,795 

betenn  ''adMfiition"wiIl  beuaed  to  dcdigoatc  the  concentxationof  two  or  mort  hctooffeneous  fihaset 
eircantienoiis  surfaces  in  contrast  with  the  vohime  concentrations  of  these  same  substances. 
bsorx»tion '*  is  the  i>hcnomenaa  of  inteipcnetntkai  d  two  or  more  iihaset  until  a  certain  oonoen 
e  total  vohmie  is  reached. 
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A  large  series  of  soils  ranging  from  pure  sand,  and  soils  with  a  large 
percentage  of  gravel,  to  heavy  adobe  was  then  treated  as  before,  suffi- 
cient air  from  the  standard  hydrocyanic-add-gas  solution  being  aspirated 
through  50  gm.  of  the  different  soils  until  enough  hydrocyanic-acid  gas 
came  over  to  decolorize  5  c.  c.  of  N/ioo  iodin. 

Table  IX  gives  the  results  of  the  experiments  with  the  soil  samples 
used.  The  column  headed  "Titration"  gives  the  quantity  of  air  from 
the  hydrocyanic-add-gas  solution  that  was  aspirated  through  50  gm.  of 
soil  and  then  through  5  c.  c.  of  N/ioo  iodin  until  the  latter  was  decobr- 
ized.  The  "Control"  column  gives  the  quantity  of  air  from  the  same 
hydrocyanic-add-gas  solution  that  was  aspirated  directly  through  a 
second  5  c.  c.  of  N/ioo  iodin  until  it  was  decolorized,  the  difference  be- 
tween these  two  figures  being  an  index  of  the  amount  of  hydrocyanic- 
add  gas  retained  by  the  soil.  The  sixth  column  is  a  calculation  of  the 
number  of  pounds  of  sodium  cyanid  required  to  furnish  as  much  hydro- 
cyanic-add  gas  for  i  acre,  3  feet  deep,  as  was  found  to  be  adsorbed  or 
decomposed  chemically  by  the  experimental  sample,  this  amount 
being  based  on  the  difference  between  the  results  given  in  the 
columns  under  "Titration"  and  "Control,"  plus  the  amount  re- 
quired to  saturate  the  soil  at  a  definite  partial  pressure  of  hydro- 
cyanic-add  gas.  The  seventh  column  gives  the  amount  of  sodium 
C3ranid  which  it  is  estimated  will  give  a  killing  strength  of  hydro- 
cyanic-add  gas  in  the  pore  space  of  the  soil  and  should  be  added  to  the 
amount  which  is  adsorbed  or  decomposed  chemically  by  the  soil.  The 
pore  space  in  most  soils  was  figured  at  35  per  cent  by  allowing  i  ounce 
of  sodium  cyanid  per  100  cubic  feet,  it  would  require  28.5  pounds  of 
cyanid  to  fumigate  this  space.  This  gives  the  effective  dose  for  i  acre, 
the  amount  being  given  in  the  dghth  column.  The  estimated  cost  for 
ftmiigating  i  acre  to  a  depth  of  3  feet  is  given  in  the  last  column. 

TablS  IX. — Amounts  of  sodium,  cyanid  requited  on  different  soils  o 


Sample. 


Locality. 


Orl«nd 

do 

do 

Mmrysville.. 

Chioo 

do 

Oroville 

Sacramento. 

do 

Berkdey 

Stockton.... 
do 


Character  of  soil. 


Grayelly 

do 

do 

Sandy  loam . 
Clay  loam. . . 

do 

do 

do 

do 

do 

do 

do 


Titra- 


C.c. 

1.74a 
a»45«> 
1, 360 
3.868 
S.o^ 
4.990 
a,  106 
.3.540 
9.340 
3,631 
4.1X5 
a,  740 


Control 


C.c. 
404 
650 
438 
913 
379 
6ao 
446 
5«5 
560 
7»8 
515 
S40 


Qoantity 
oiaodhim 
cyanid  per 
acre  neu- 
tralized by 


Pounds. 
831 
673 
458 
789 
3.000 

X,730 

940 

1.430 
730 
975 

x,700 
990 


Bstimated 


amount 
per  acre  to 
givekiUinc 

strffigthi 


Effective 
do6eper3 
acre-leet. 


Pounds. 
as 
'5 

25 

a8 
30 
30 
a8 
a8 
98 
SO 
18 
17 


Pounds. 

856 

698 

483 

807 

3,030 

X.7SO 

968 

1, 458 

758 

x.oos 

x,7»8 

If  017 


Cost 
acre:^ 


l»3i-5* 

18S.46 
130-41 
«7-89 
818.10 

472.50 
261.36 

S:« 

aTi.JS 
466.56 
«74'56 


a  Three  feet,  or  even  more,  is  thr  depth  necessary  to  fumigate  soil  for  phylloxera. 
oae-haU  of  this  depth  would  be  sufiKdent. 
>  The  cost  is  fifured  on  a  basis  of  17  cents  a  poctnd  for  sodium  cyanid. 
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lese  reqtiircments  show  the  wide  range  of  absorptive  power  of 
rent  soils,  varying  approximately  from  3,030  poimds  of  sodium 
id  for  a  clay  loam  to  483  poimds  for  a  gravelly  soil.  The  figures 
a  of  the  cost  for  the  lighter  soils  indicate  that  the  use  of  sodium 
id»  while  comparable  with  fumigation  with  carbon  disulphid,  is  not 
in  the  range  of  economy  except  in  small  areas,  even  when  the  value 
le  gas  as  a  nitrogenous  fertilizer  is  considered.  The  ftmiigation  of 
y  soils  is  very  much  more  expensive. 

om  the  difficulties  encountered  while  working  with  the  generators 
emed  necessary  to  study  more  carefully  the  rate  of  diffusion  and 
rption  of  hydrocyanic-acid  gas  through  the  various  soil  media 
the  effect  of  soil  moistiu^  on  this  movement.  Five  experiments 
made  covering  different  types  of  soil  and  varying  amotmts  of  soil 
ture.  After  introducing  the  hydrocyanic-add  gas  into  the  soil, 
readings  were  taken  at  intervals  ranging  from  a  few  minutes  to  120 
s. 

Heavy  clay  soil — Readings  taken  following  the  introduction  of 
lydrocyanic-add  gas  and  48  hours  later. 

Wet  clay-loam  soil  containing  considerable  humus — Readings 
a  immediately  after  chargmg  the  tube. 

Very  sandy,  beach  soil,  containing  about  5  per  cent  of  broken  shell 
tly  moist — ^First  reading  taken  immediately,  the  next  16  hours  later. 
Clean  river  sand  washed  and  dried  at  a  temperature  of  200° 
D  remove  the  soil,  organic  matter,  and  moisture — ^Readings  taken 
ediately  after  charging  with  gas  and  5  days  later. 
Sand  washed  and  dried  as  above  and  afterwards  saturated  with 
X — Readings  taken  immediately. 

)r  this  purpose  a  copper  soil  testing  tube  36  inches  long  and  2  inches 
ameter  was  made.  One  end  of  the  testing  tube  is  closed  with  the 
ption  of  a  yi-mch  tube,  the  opposite  end  is  closed  with  a  rubber 
per  through  which  is  inserted  a  >^-inch  glass  tube;  at  intervals  of  6 
^  along  the  sides  Vi-inch  tubes  are  inserted;  to  all  of  these  small 
s  a  short  piece  of  rubber  hose  is  attached  which  may  be  closed  with 
ips.  Air  from  a  standard  solution  of  hydrocyanic-add  gas  was 
m  in  through  the  tube  inserted  in  the  stopper,  by  appl)dng  a  vacuum 
ay  of  the  tubes  along  the  sides  or  at  the  opposite  end  of  the  testing 
^  all  the  openings  bdng  closed  except  the  ones  where  the  air  was 
itted.  Then  by  detaching  the  tube  from  the  add  solution  and  draw- 
n  pure  air  at  the  same  point  the  amotmt  of  gas  in  that  section  of  the 
:  could  be  measured,  and  also  the  amount  lost  could  be  calculated. 
Lccount  of  the  small  amounts  of  gas  present  in  the  different  sections, 
itative  tests  only  with  silver  nitrate  (AgNo,)  was  substituted  for 
iodin  method.    This  overcomes  the  error  from  volatilization  of 
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SUMMARY 

I  The  toxicity  of  bydrocyanic-add-gas  solutions  varied  with  the 
ts  experimented  upon,  from  the  minimum  for  houseflies  of  0.0156  gm. 
iium  cyanid  per  liter  (equivalent  to  0.0046  per  cent  of  hydrocyanic- 
gas  over  the  solution)  to  the  maximum  for  beetles  of  0.125  gm. 
m  cyanid  per  liter  (equivalent  to  0.0365  per  cent  of  hydrocyanic- 
gas  over  the  solution),  the  latter  being  the  most  resistant  of  any 
t  experimented  upon. 

Gas  from  a  solution  of  approximately  the  same  strength  as  that 
above  on  houseflies  retarded  the  germination  total  of  lettuce  seed 
percent. 

Lettuce  seed  is  not  killed  by  two  days'  exposure  to  hydrocyanic- 
g;as  as  strong  as  0.0366  gm.  of  sodium  cyanid  per  liter  (equivalent  to 

9  per  cent  of  hydrocyanic  add  gas  over  the  solution)  and  will  give 
A  germination  percentage  if  removed  at  the  end  of  this  time. 

Stimulation  was  greatest  at  a  point  one  sixteenth  of  that  causing 
iation — viz,  o.ooii  gm.  of  sodium  cyanid  per  liter  (approximately 
33  per  cent  of  hydrocyanic-add  gas  over  the  solution). 

Solutions  of  hydrocyanic-add  gas  approximately  256  times  as 
g  as  that  necessary  to  produce  gas  having  the  minimum  killing 
gth  for  flies  were  fatal  to  all  seedlings  tested  and  to  50  per  cent  of 
uttings  placed  in  the  solution,  while  a  solution  approximately  twice 
rong  as  that  required  to  produce  a  gas  concentration  fatal  to  flies 

10  effect  even  upon  seedlings. 

I  Sodium-cyanid  solutions  introduced  into  the  soil  failed  to  give  a 
of  hydrocyanic-add  gas  in  air  drawn  from  the  soil. 
I  The  use  of  pressure  in  forcing  gas  into  the  soil  did  not  materially 
ase  the  rate  at  which  it  coUld  be  introduced. 
I  Soil  and  water  are  both  strong  absorbents  of  hydroc3ranic-add  gas. 
ati(5n  of  hydrocyanic-add  gas  by  the  soil  is  dependent  upon  the 
Lcter  of  the  soil,  while  that  of  water  remains  constant  under  tmiform 
itions  of  pressure  and  temperature. 

I  The  variability  of  gas  absorption  by  the  soil  makes  it  practically 
issible  in  field  work  to  estimate  the  dosage  of  sodium  cyanid  re- 
k1  to  give  a  toxic  effect  on  insects  and  at  the  same  time  to  be  within 
nargin  of  safety  to  plants. 

0)  In  small  amounts  of  soil  of  a  uniform  character  it  is  possible  to 
rmine  experimentally  the  margin  of  safety  between  certain  insects 
plants. 

1)  A  heavy  damp  or  a  very  wet  sandy  soil  is  almost  impervious  to 
pocyanic-add  gas. 

2)  A  pure  sandy  soil  when  wet  will  take  up  hydrocyanic-add  gas 
in  proportion  to  the  amount  of  water  present  and  this  may  again 

^ven  off,  but  gas  in  contact  with  a  clay  soil  dther  enters  into  a 
nical  combination  with  some  of  the  soil  constituents  or  is  adsorbed 
the  soil  partides. 
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ENZYMS  OF  MILK  AND  BUTTERS 

R.  W.  Thatchbr,  Director,  Minnesota  Agricultural  Experiment  Station,  and  A.  C. 
)AHLB8RG,  Assistant  Dairy  Husbandman,  Wisconsin  Agricultural  Experiment 
tation. 

INTRODUCTION 

rhe  deterioration  of  butter  during  storage  is  often  attributed  to  the 
:yms  in  the  buttermilk  which  it  contains.  There  has  been  some 
>erimental  study  of  the  matter;  but  most  of  the  published  results  of 
se  investigations  yield  little  information  concerning  the  actual  enz3an 
itent  of  butter,  because  of  the  fact  that  the  studies  dealt  chiefly  with 
chemical  changes  in  the  butter  itself  during  storage,  and  sufficient 
e  was  not  used  to  prevent  possible  contamination  by  microorganisms, 
fact,  a  survey  of  the  literature  dealing  with  the  enzyms  of  milk  and 
products  shows  a  lamentable  lack  of  clearness  on  the  part  of  the 
estigators  in  distinguishing  between  the  enzyms  of  milk  itself  and 
»se  which  are  due  to  bacterial  infections. 

logers  (i6y  found  lipase  to  be  the  cause  of  the  increase  in  the  acidity 
canned  butter  on  standing.  Rahn,  Brown,  and  Smith  (75)  stated 
tt 

[storage)  butter  investigated  showed  an  increase  of  "  amid  nitrogen, "  i.e.,  nitrogen 
precipitated  by  copper  sulphate,  tannic  acid,  or  phosphotungstic  acid. 

rheir  methods  were  shown  to  be  at  fault  by  Rogers,  Berg,  Potteiger, 
1  Davis  (77),  who  could  observe 

evidence  of  an  increase  in  soluble  nitrogen  in  butter  on  long  standing  at  0°  F., 
n  when  the  conditions  of  manufacture  were  most  favorable  to  such  changes. 

they  could  detect  no  proteolysis  in  buttermilk  held  a  long  period  of 
le  in  cold  storage  to  which  18  per  cent  of  sodium  chlorid  had  been 
led,  but  active  bacterial  proteases,  pepsin,  and  trypsin  were  not 
npletely  inhibited  in  their  action  by  these  adverse  conditions.  Lac- 
e,  they  concluded,  was  oxidized  only  when  a  trace  of  iron  and  peroxid 
re  added. 

During  the  summer  of  1915  one  of  us  (Dahlberg),  as  a  part  of  his 
ties  in  the  Division  of  Dairy  and  Animal  Husbandry  of  the  Minnesota 
;ricultural  Experiment  Station,  prepared  several  lots  of  butter  under 
refully  controlled  conditions  of  manufacture  and  placed  them  in  stor- 

PoblialMd,  with  the  permission  of  the  Director,  as  Paper  No.  71  of  the  Journal  Series  of  the  Minne- 

i  AgricttltttFal  Experiment  Station. 

Reference  is  made  by  nnmber  (italic)  to  "  Literature  cited/'  pp.  a^ASo^ 

imalflfAxricultwal  Research.  V0LXI.N0.9 

'*'**nftwi,  D.  C  Nov.  96, 19x7 

Key  No.  Minn.— 93 
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age,  in  order  to  study  the  effect  of  varying  methods  of  manufacture  and 
storage  upon  the  keeping  qualities  of  the  butter.  From  time  to  time 
studies  of  the  bacterial  development  in  the  stored  butter  were  made 
The  results  of  this  work  have  recently  been  published  elsewhere  {25). 

Since  the  conditions  of  manufacture  and  the  bacterial  development 
in  these  butters  were  known,  they  afford  excellent  material  for  a  study 
of  the  enz3an  content  of  the  butter  after  storage,  and  such  a  study  was 
accordingly  undertaken. 

REVIEW    OF    PREVIOUS   WORK 

The  following  types  of  enzyms  have  been  reported  to  be  normally 
present  in  cow's  milk :  an  amylase  (27),  sl  lipase  (9),  proteases  (i-^,  7,  22) 
a  peroxidase  {19),  salolase  (22),  catalase  (j2,  18,  20),  reductase  (20), 
and  a  lactose-fermenting  enzym  {21).  Vandevelde  {22),  however, 
concludes  that  no  lipase  can  be  found  in  fresh  milk  and  that  salolase  is 
present  in  only  very  slight  amounts;  while  Grimmer  {10),  as  a  result  (rf 
his  study  of  the  enz3rms  of  the  mammary  glands,  concludes  that  salolase, 
peroxidase,  and  catalase  are  the  only  enzyms  which  are  normally  secreted 
with  milk.  Further,  Van  de  Velde  and  Landsheere  {23)  found  no 
amylase  in  milk  and  criticize  Spolverini's  observations  concerning 
peroxidase  in  milk,  holding  that  its  presence  there  is  due  to  bacterial 
contamination. 

These  reports  indicate  something  of  the  confusion  which  exists 
with  reference  to  the  normal  enz)rms  of  milk.  The  contradictory  evi- 
dence which  has  been  presented  undoubtedly  results,  in  part  at  least, 
from  the  rather  crude  methods  of  study  of  enzym  action  which  were  in 
use  at  the  time  when  these  investigations  were  in  progress.  Unfortu- 
nately, little  attention  has  been  given  to  these  matters  during  recent 
years,  when  more  refined  methods  of  study  might  have  given  more 
concordant  results. 

The  question  as  to  whether  any  tmyms  which  may  be  present  in 
milk  will  be  carried  down  with  the  butter  in  churning  has  not  been 
generally  discussed.  Kooper  {13)  states  that  during  butter  making 
catalase  remains  behind  in  the  buttermilk  and  is  therefore  not  a  direct 
constituent  of  butter  fat.  It  might  be  assumed,  however,  that  any 
buttermilk  which  remains  in  the  butter  would  contain  the  same  enzyms 
that  were  present  in  the  original  miyc.  In  fact,  Hesse  (j2),  who  found 
small  amounts  of  catalase  in  butter,  calculated  his  results  on  the  basis 
of  its  buttermilk  content.  Furthermore,  since  butter  fat  is  undoubtedly 
an  emulsion  colloid,  it  might  be  assumed  to  carry  with  it  into  the  butter, 
in  the  form  of  absorption  complexes,  large  proportions  of  the  enzyms 
originally  present  in  the  milk.  But  no  definite  information  concerning 
these  matters,  other  than  that  dted  in  the  opening  paragraphs  erf  this 
paper,  has  been  published. 
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EXPERIMENTAL    WORK  • 
I.    INVESTIGATIONS  CONCERNING  GALACTASE 

The  normal  proteol3rtic  enz3an  of  milk,  which  aids  in  the  slow  decom- 
»sition  of  milk  proteins  into  peptones,  amino  acids,  and  ammonia,  was 
ven  the  name  **galactase"  by  Babcock  and  Russell  (j-5).  This  name 
unfortunately  not  in  accord  with  the  present  system  of  nomenclature, 
id  the  enzym  ought  properly  to  be  called  **casease"  or  "lactalbumi- 
ise";  but,  since  the  name  suggested  by  Babcock  and  Russell  has  come 
to  common  use  and  its  significance  is  properly  understood,  we  decided 
continue  its  use. 

Before  undertaking  the  proposed  studies  of  the  galactase  content  of 
ilky  cream,  skim  milk,  buttermilk,  and  butter  it  was  necessary  to 
ttermine  upon  certain  details  of  technic  which  had  not  been  satisfac- 
rily  worked  out  by  former  investigators.  This  preliminary  work  may 
\  briefly  summarized  as  follows: 

(a)  Length  of  period  of  action. — Previous  experimental  data 
ve  quantitative  measures  of  proteolytic  activity  for  periods  varying 
Dm  I  hour  for  certain  pepsin  studies  {8)  up  to  the  practically  prohibitive 
me  of  nearly  3  years  for  galactase  {14) .  The  time  in  which  most  investi- 
ttors  have  allowed  galactase  to  act,  in  order  to  obtain  comparative 
suits,  has  varied  from  30  days  to  i  year.  This  appears  to  be  imneces- 
irily  long.    The  anal3rtical  data  presented  by  Babcock  and  Russell  give 

1  average  increase  in  the  soluble-nitrogen  content  of  a  number  of  sam- 
les  of  skim  milk,  when  expressed  as  percentage  of  the  total  nitrogen,  of 
3.49  per  cent  for  the  first  8  dajrs  and  only  5.66  per  cent  for  the  following 

2  days.  One  sample  of  skim  milk  increased  26  per  cent  in  soluble  nitro- 
en  during  the  first  7  dajrs,  2  per  cent  the  following  7  days,  and  to  increase 
ie  soluble  nitrogen  content  another  26  per  cent  required  a  period  of  3 
ays.  There  is  very  little  diflference  in  tiie  comparative  galactase  con- 
vat  of  various  skim  milks  when  analyses  made  at  the  end  of  7  days  or 
f  6  months  are  compared.  In  the  present  work  the  period  of  action 
as  limited  to  4  Aoys,  since  it  was  found  that  the  soluble  nitrogen  in 
dm  milk  increased  10  or  12  per  cent  during  this  time. 

(6)  Measurement  of  hydrolysis  by  means  op  the  ninhydrin 
EAcnoN. — ^The  ninhydrin  method,  as  proposed  by  Harding  and 
(acLean  (j /)  for  the  determination  of  amino-acid  or  nitrogen,  was  com- 
lared  with  the  official  method  of  the  Association  of  Official  Agricultural 
3iemists  (26)  for  determining  the  increase  in  soluble  nitrogen  in  differ- 
nt  samples  of  milk  due  to  protease  action  (Table  I).  In  the  ninhydrin 
letermination  the  sample  was  diluted  i  to  10,  and  i  c.  c.  of  this  used  in 
ach  analysis,  but  the  results  were  calculated  to  the  10  c.  c.  basis.  Bac- 
:erial  action  was  inhibited  by  0.5  per  cent  of  chloroform.  All  samples  in 
ill  the  work  reported  in  this  paper  were  incubated  at  40®  C.  for  four  days. 
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Tabls  I. — Results  with  ninkydrin  method  of  estimating  the  rate  of  hydrolysis  of  the  pro- 
teins of  milk 


Stnpie, 


I  skim  milk 

milk  +  ^  per  cent  of 

tmi  chlond 

milk 


Total 
nitro- 
gen. 


Percent. 
a  0586 

.0586 
.0586 


Initial 
whibk 
nitro- 


Perctnt. 
0-0033 

.0108 
.0108 


Initial 

ninhy- 

drin 

nitro* 


Percent, 
a  0029 

.0029 
.0029 


4ft-hour 

■ohible 

nitro- 

£cn« 


Percent, 
0.0039 

•0137 
.0177 


48-liour 

ninhy- 

drin 

nitro- 


}Percent, 
a  003a 

.0031 
.0032 


In4 


nitro- 
gen. 


Percent. 
Z.  02 

4.95 
11.77 


innia 
hydxfa 
nitio> 


Ptrmd. 
a  SI 

.34 
•51 


e  ninhydrin  method  indicated  no  increase  in  nitrogen  when  there 
m  actual  increase  of  11.5  per  cent  in  the  soluble  nitrogen.  This 
urther  substantiated  by  work  on  a  pure  casein  solution.  This  gave 
a  trace  of  nitrogen  by  the  ninhydrin  method,  with  no  increase  after 
nt  proteolysis  had  taken  place.  This  method  of  estimating  the 
of  hydrolysis  of  proteins  was  therefore  abandoned  as  not  being 
cable  to  investigations  with  milk  proteins. 
Thb  TtrBhvnucn  OF  CHix)ROPORM  ON  PROTEoi,YSis. — ^To  prevent 
rial  action  in  the  samples,  chloroform  was  added  in  amounts  found 
£  by  Harding  and  MacLean  (11)  and  Van  Slyke  {24).  Skim  milk 
anal3rzed  at  varying  intervals  extending  over  a  long  period  of  time 
:reated  with  i  per  cent  chloroform,  which,  according  to  the  above 
tigators  and  Babcock  and  Russell  (5),  should  have  only  slightly 
ited  proteol3rsis.  As  shown  in  Table  II,  the  soluble  nitrogen  of 
skim  milk  did  not  increase  on  standing.  In  verifying  this  result 
oluble  nitrogen  was  obtained  by  a  Kjddahl  determination  of  the 
jen  in  the  total  filtrate  from  the  casein  precipitation.  Qoser 
ment  in  the  duplicates  could  be  obtained  from  the  filtrates  than 
the  casein  itself. 

(  II. — Influence  of  chloroform  on  the  proteolysis  of  milk  <is  indicated  by  soluble 

nitrogen 


Sample. 


m  milk 

m  milk 

m  milk 

m  milk 

ttermilk,  neutral 
ttermilk,  neutral 
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•5 

I.  o 

•5 
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I.  o 

•5 

I.  o 
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nitrogen. 


Percent. 
a  0583 
.0583 
•0531 
.0531 
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.0406 
•0547 
•0551 
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.0463 


Initial 
solubk 
nitrogen. 


Percent. 
a  0129 
.0130 
.0115 
.0115 
.0119 
.0119 
.0106 
.0125 
.0125 
.0064 


Soluble 

nitrogen 

after  4 

days. 


Percent. 
a  0183 
.0114 
.0170 
.0120 
.0136 
.0103 
.0079 
.0201 
.0174 
.0059 


Increoae 

insoluble 
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percent 
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9.26 

-a.  74 
10.3s 

4.18 

-3.94 

-4.93 

13.60 

9.80 
-1.08 
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Sample  5  was  buttennilk  obtained  from  a  small  hand  churning  and 
^bably  contained  i  per  cent  of  butter  fat.  Since  fat  destroys  the 
esthetic  property  of  chloroform  by  combining  with  it,  the  results  of 
).  5  should  not  be  considered.  In  every  other  case  i  per  cent  of  chlo- 
brm  in  skim  milk  or  buttennilk  completely  inhibited  proteolysis. 
[d)  The  inw^uence  of  sodium  chu)rid  on  proteolysis. — ^The  pos- 
ility  that  the  sodium  chlorid  present  in  ordinary  butter  might  inhibit 
)teol3^c  activity  led  us  to  make  a  study  of  the  eflfect  of  var)dng  per- 
itages  of  sodium  chlorid  added  to  skim  milk  upon  the  rate  of  produc- 
n  of  soluble  nitrogen  by  galactase.  After  the  period  of  incubation 
t  unchanged  casein  was  precipitated  from  the  milk  by  means  of  dilute 
ttic  add  and  the  soluble  nitrogen  in  the  filtrate  determined  by  the 
eldahl  method.  The  samples  were  preserved  during  the  incubation 
0.75  per  cent  chloroform.  The  following  results  were  obtained 
ible  III). 

aLB  III. — Influence  of  sodium  chlorid  on  the  proteolysis  of  milk  (with  0.75  per  cent  of 

chloroform) 


Sodium  chlorid  added. 

Total 
mtrogen. 

laitial 
soluble 
nitrogen. 

Soluble 
nitrogen 

after 
azdays. 

Soluble 
nitrogen 

after 
73  days. 

Increase. 

Per  cent. 
>  boiled 

Percent. 
0.^561 
.0561 
.0561 
•  0561 
•0534 
.0528 

Percent. 
.0121 

.OI2I 
.  0I2I 
.  OI2I 
.  OI2I 

Percent. 

0.0051 

.0188 

Percent. 
0.0034 
.0198 
.0171 
.0131 
.0110 
.0103 

Percent. 

-3-74 

13.72 

8.91 

1.78 

—  2.  06 

.0142 

.  0120 

-3.40 

Fhe  eCFect  of  sodium  chlorid  is  marked;  both  15  and  20  per  cent,  the 
icentration  of  the  salt  brine  in  butter,  stopped  all  proteolysis.  The 
ry  slight  increase  in  the  soluble  nitrogen  content  of  the  skim  milk 
ataining  i  per  cent  of  the  salt  is  partially  due  to  the  excessive  chloro- 
■m  used,  as  the  following  tests,  in  which  only  0.5  per  cent  of  the  anes- 
ttic  was  used,  will  show  (Table  IV). 

BX«B  IV. — Influence  of  sodium  chlorid  on  the  proteolysis  of  milk  (with  0.5  per  cent  of 

chloroform) 


Sodium  chlorid  added. 

ToUl 
nitrogen. 

Initial 

soluble 

nitrogen. 

Soluble 
mtrogen 

after 
5  days. 

Increase. 

Percent. 

)  boiled 

Percent. 

a  0586 

.0586 

.0586 

.0586 

Percent. 

0-0033 
.0108 
.0108 
.0108 

Percent. 

0.0034 

.0242 

.  0201 

.0143 

Percent. 

0.51 
22.86 

) .  .         . . . . 

J 

IS- 87 
5-97 

3 .        . 
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The  actual  checking  of  the  increase  in  soluble  nitrogen  due  to  the 
addition  of  i  per  cent  of  sodium  chlorid  w^  approximately  10  per  cent 
in  either  case,  but  3  per  cent  of  the  salt  did  not  entirely  prevent  proteo- 
lysis. 

(e)  Occurrence  of  galactase  in  milk  during  process  of  butter 
MAKING. — In  following  the  protease  of  the  fresh  milk  to  the  finished 
butter,  the  reaction  of  the  various  products  was  in  every  case  brought 
to  that  of  the  fresh  milk — that  is,  10  c.  c.  were  exactly  neutralized  by 
1.5  c.  c.  of  N/io  alkali  when  phenolphthalein  was  used  as  an  indicator, 
by  dipping  a  stick  of  sodium  hydroxid  into  the  sample.  If  the  sample 
became  too  alkaline,  it  was  neutralized  by  some  of  the  original  sample 
so  that  dilution  was  avoided.  The  various  samples  were  treated  with 
chloroform  in  the  following  proportions:  The  skim  milk,  buttermilk,  and 
bowl  contents,  0.5  per  cent;  the  milk,  2.5  per  cent;  and  the  cream, 
which  contained  23  per  cent  of  butter  fat,  5  per  cent.  The  "bowl  con- 
tents" was  an  emulsion  of  the  slime  in  the  wash  water  held  in  the  bowl. 
An  equal  volume  of  boiled  skim  milk  was  added  as  a  substrate,  but  the 
increase  in  the  soluble  nitrogen  was  calculated  on  the  basis  of  the  bowl 
contents  alone.  The  "cream  during  ripening"  refers  to  the  proteolysis 
occurring  during  the  10  hours  it  was  ripened  at  85®  F.  and  the  20  hours 
it  was  held  at  54®  previous  to  churning. 

Tabls  V. — Presence  and  concentration  of  galactose  in  milk  and  butter  as  indicated  by  the 

increase  of  soluble  nitrogen 


Sample. 


Toul 
nitrogen. 


Initial 

soluble 

nitrogen. 


Soluble 
nitrogen 

after 
4  days* 


Increase. 


Initial 

percentage 

of  total 

nitrogen 


Skim  milk 

Whole  milk 

Cream 

Bowl  contents 

Cream  during  ripening 
Cream  after  ripening. . . 
Buttermilk 


Percent. 
0.0583 

.0544 
.0403 
.0189 
.0403 
.0403 
•0551 


Percent. 
a  0129 
.0113 
.0076 
.0046 
.0076 
.0081 
.0125 


Percent 
a  0183 
.0198 
^0142 
.0262 
.0081 
.0139 
.  0201 


Percent 
II.  10 
15-62 

16.37 

114.  28 

1.66 

14.39 
13- 60 


77.87 
79-23 
81.14 
89.93 


It  appears  from  these  data  that  in  separating  milk,  galactase  is  taken 
out  of  the  skim  milk  part,  sUghtly  increased  in  the  cream,  and  highly 
concentrated  in  the  separator  slime.  While  no  relationship  exists  be- 
tween the  increase  in  soluble  nitrogen  and  the  total  nitrogen,  it  is  evident 
that  the  factors  at  work  during  milk  separation  which  increase  the  per- 
centage of  casein  in  the  total  nitrogen  also  increase  the  galactase  con- 
tent. The  cream  underwent  a  sUght  proteol3rtic  digestion  during  the 
ripening  process,  but  the  proteolysis  after  souring  and  neutralization 
was  less  than  that  of  the  sweet  cream.    This  indicates  that  the  chief 
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eolytic  enzym  of  milk  is  not  of  bacterial  origin,  as  Olson  (74)  recently 

rted. 

)  Amount   of    gai^actasis    contained   in    butter. — ^The   butter 

in  the  experiments  represented  both  good  and  bad  qualities.  The 
sh  dairy"  butter  was  made  from  the  cream  obtained  from  the  milk 
ie  University  Farm  herd,  and  was  soured  spontaneously  without 
emization.  The  "fresh  creamery"  butter  was  made  in  a  cooper- 
B  creamery  from  sweet  pasteurized  cream  ripened  by  a  commercial 
ter.  Both  of  these  butters  were  of  extra-fine  quality.  The  "stored 
jr"  butter  was  the  same  as  the  "fresh  dairy,"  except  that  it  had 
I  held  in  cold  storage  for  eight  months.  The  "fresh  centralized" 
er  was  made  from  the  sour  cream  just  as  it  was  received  by  a  central 
mery.  The  last  two- butters  mentioned  were  of  poor  quality.  The 
red  centralized"  butter  was  made  in  the  same  way  as  the  "fresh 
ralized,"  but  had  been  held  eight  months  in  cold  storage.  It  was  of 
emely  poor  quality. 

0  effort  was  made  to  obtain  a  pure  enzym  extract  from  the  butter, 
lown  weight,  usually  400  gm.,  of  butter  was  melted  at  45®  C.  in  two 

glass  tubes  about  an  indb  in  diameter.  After  the  separation  was 
plete  the  clear  fat  was  hardened  by  immersing  the  tubes  in  cold 
a-,  and  the  curd  solution  was  then  washed  out.  If  an  excess  of  fat 
lined  in  the  extract,  it  was  removed  by  rewarming  and  centrifuging. 

extract  was  then  dialyzed  at  a  temperature  never  exceeding  i3®C., 
parchment  dialyzer,  until  free  of  sodium  chlorid,  the  last  six  or  eight 
■s  of  dialysis  being  with  distilled  water.    This  curd  was  made  up  to  a 
a  volume  and  used  at  once  in  the  various  tests, 
le  acetone-ether  method  of  obtaining  a  fat-free,  dry  powder  was 

tried,  but  so  high  a  percentage  of  sodium  chlorid  was  left  in  the 
der  that  dial)^s  was  necessary.  Consequently  this  method  had  no 
mtages  over  the  other,  and  the  enzyms  probably  would  hg-ve  been 
cened  by  the  precipitation. 

le  casein  was  precipitated  by  the  optional  ofl&cial  method  (26, 
[8),  rather  than  the  official  method  because  filtering  was  often  more 
1,  the  volume  to  be  filtered  much  less,  and  a  clear  filtrate  more  easily 
ined.  (Thirteen  analyses  of  chloroformed-skim  milk  and  butter- 
i  extracts  gave  an  average  of  0.00104  gm.  more  nitrogen  in  the  form 
Lsein  by  the  use  of  alum  as  the  precipitant;  hence,  the  methods  should 
be  used  interchangeably.)  A  clear  filtrate  was  more  easily  obtained 
an  excess  of  substrate  assured  by  the  addition  of  boiled  skim  milk 
lie  curd  solutions.  In  a  few  cases  the  filtering  had  to  be  done  on  a 
idmer  funnel"  through  three  filter  papers  and  repeated  10  to  20 
s  to  obtain  a  perfectly  clear  filtrate.  Bacterial  action  was  prevented 
[  per  cent  chloroform  instead  of  0.5  per  cent  because  the  extracts 
ained  considerable  fat  (Table  VI}. 
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Tabls  VI. — Presence  of  galactose  in  butter,  <u  indicated  by 

nitrogen 


Kind  of  butter. 


Concentration. 


Ratio. 

butter 
to  curd 
extract. 


Ratio, 
curd  ex- 
tract  to 

boiled 
skim  milk 

added. 


Initial 

soluble 

nitrogen. 


Solut 

nitroi 

after 

dayi 


"''^•esh  dairy 

•eah  dairy,  boiled 

resh  dairy 

resh  dairy,  boiled 

x>red  dairy 

ored  centralized 

ored  centralized  boiled 
■esh  creamery 


2:1 
2:1 
2:1 
3-a 
a:i 
2:1 
3:2 


50:100 

50:100 

50:100 

50:100 

50:50 

50:50 

50:50 

50:50 


Gm. 
a  0098 
.0091 
.0080 
.0070 
.0043 
.  0042 
•0039 
.0049 


Gm 
o.  01 
.oc 
.oc 
.oc 
.oc 
.oc 
.oc 
.  oc 


le  two  samples  of  fresh  dairy  butter  gave  iinifc 
eolytic  action,  while  one  sample  of  fresh  pasteuri 
7ed  no  digestion  of  the  casein.  The  increase  in 
le  stored  butter  was  nearly  twice  that  of  the  f  re 

II.   LIPASE  CONTENT  OF  BUTTER 

pase  hydrolyzes  fats  into  alcohols  and  fatty  a 
se  in  the  acidity  of  the  media  acted  upon.  ' 
ity  of  butter  on  standing  is  supposed  to  be  due 
le  curd  solutions  used  in  testing  for  Upase  act 
irolume  of  the  butter.  The  substrate  was  either 
>r  oUve  oil,  and  the  preservative  was  2.5  per 
c.  c.  aliquots  of  the  extracts  in  10  c.  c.  of  neutral 
:  titrated  against  N/40  sodium  hydroxid,  with 
»tor. 

Tabls  VII. — Presence  of  lipase  in  butter  as  shown  by  the 


Kind  of  butter. 


Initl 
addit 


eah  dairy,  boiled 

esh  dairy 

eah  unsalted  dairy,  boiled 

eah  tinsalted  dairy 

ored  unsalted  dairy 

eah  centralized 

ored  centralized 

esh  creamery 


Per  u 

0 

5 
6 

5 

2 
2 
I 
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racts  from  the  tmsalted  butters  were  not  dial3rzed.  This 
)r  their  higher  initial  acidity. 

:tivity  during  four  days  at  40®  C.  was  too  small  to  be  accurately 
except  in  the  extract  from  the  stored  centralized  butter. 

in.   OXIDASB  CONTENT  OP  MII^  AND  BUTTER 

I  investigations  of  oxidase  activity  in  milk  have  been  limited 
isily  oxidized  substances  and  since  oxidases  show  a  specificity 
micals  in  their  action,  it  was  thought  desirable  to  investigate 
s  method  the  action  of  milk  on  several  of  the  common  chro- 
.  Four  c  c  of  milk  were  used  in  each  test.  Negative  results 
ned  with  paraphenylene  diamine,  phenolphthalein,  hydro- 
rocatechin,  phlorogludn,  a-naphthol»  and  para-,  meta-,  and 
Is.  Positive  results  were  obtained  with  metol  and  pyrogallol; 
Jhe  action  of  the  latter  was  about  20  per  cent  the  greater, 
Uone  was  used  for  the  final  determinations.  The  results  given 
III  were  obtained  in  duplicate,  the  duplicates  agreeing  very 


-EstimaHon  of  oxidase  in  milk  as  shovm  by  the  oxygen  absorption  of 
pyrogallol 


^pfesKdas 

miUimeten  cf  meiaary,  each  minimeter  repreiaiting  an  alMorptioii  o(  0.095  c.  c 
01  oxygen.] 

Time. 

X. 

Whole  milk. 

SUmmilka. 

Raw. 

BoUed. 

Raw. 

BoUed. 

MinuUs. 

a  16 

.40 

.56 

:S| 

.97 
1. 13 
1.70 
1.97 

a.  25 
2,32 

aoo 
.00 
.00 
.16 
.20 

.27 

.40 

.91 

1.22 

1.48 

I- 55 

aoo 
.00 
•17 
.17 
•35 
.40 

Ol  OO- 

.00 

.OO' 

.oa 
•  00* 

0-95 

.OO- 

IS  no  agreement  in  the  results  obtained  from  the  skim  milk 
me  herd  on  diflferent  days;  boiling  failed  to  completely  inhibit 
r  of  the  whole  milk,  and  the  action  was  very  slow  in  starting. 
)e  caused  by  a  normal  milk  oxidase.  In  every  case  a  browning 
}les  was  quite  marked  before  oxygen  absorption  started, 
ard  solutions  from  dififerent  butters  gave  no  action  with 


—17- 
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IV.  CATALASB  CONTENT  OF  MILK  AND  BUTTER 

Storch's  method  of  measuring  the  catalase  of  milk,  as  given  by  Barthd 
(d),  gave  very  closely  agreeing  duplicate  results  and  was  used  in  this  work 
(Table  IX).  In  milk  the  liberation  of  oxygen  ceased  in  four  hours.  The 
curd  extracts  were  equal  in  volume  to  the  original  butter.  Five  per 
cent  of  commercial  hydrogen  peroxid  was  added  to  the  samples  to  be 
tested,  and  the  concentration  of  peroxid  in  the  boiled  samples  at  tlie 
end  of  four  hours  were  used  as  the  basis  for  calculation. 

Tablu  IX.— CotofoM  cont4nt  of  milk  and  butter  or  shoTon  by  reaction  with  hydrogen 

peroxid 


Hydfogcn  pefoxldoot 
Unt  after  4  boiut. 


Unboiled. 


Rednctioa 
ofhydfo- 


mv 


Bulk  or 
tNHtcr. 


BoUcdimlk 

Milk 

Boiled  freah  dairy  butter 

Firesh  dairy  butter 

Stored  dairy  butter 

Fresh  centralized  butter 

Stored  centralized  butter 

Flresh  pasteurized  creamery  butter . 


Cm, 

0.0054 


Gm. 


G«. 


•0054 


a  0039 


.0049 

.0049 
.0026 

•0039 
.0048 


a  001$ 
.0005 
•^ 

.  0035 

■^ 

.  0000 


The  fresh  centralized  butter  did  not  contain  as  much  catalase  as  the 
results  show,  because  a  clear  filtrate  was  not  obtained.  Every  sample 
of  butter  contained  catalase.  That  the  centralized  butter  gave  higher 
results  than  the  other  butter  and  as  high  as  milk  itself  agrees  with  the 
belief  that  there  is  some  relationship  existing  between  catalase  activity 
in  milk  and  bacterial  growth.    Storage  did  not  diminish  its  activity. 

V.  PBROXIDAS9  CONTENT  OF  MILK  AND  BUTTER 

The  common  Storch  test  for  heated  milk  was  used  on  the  butter 
extracts  with  the  following  results: 

TablB  X. — Color  changes  showing  the  peroxidase  content  of  milk  and  butter 


Time  of  heeting  (in  mimifces). 

Sample. 

0 

5 

xo 

to 

JO 

z.  Fteah     dairy     milk 
boiled. 
Fresh  dairy  milk 

White... 
...do.... 

White... 

Gray. . . 
White... 
Gray. .. 
White... 
...do.... 

White 

Gray 

White 

Gray 

Faint  nay . 
White 

White 

Gray 

Faint  gray . 

Gray 

Faint  gray . 
...do 

White. 
Gray. 

Q.  Stored  dairv  wiilkT  -  -  - 

...do.-... 

Faint  gny. 

3.  Fresh  centralized.  .  . . 

...do.... 

Gray. 

4.  Stored  centralized — 

5.  Fresh    pasteurized 

creamery. 

...do.... 
...do.... 

Faint  pay. 
Do. 
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11  the  samples  gave  some  color  change,  but  for  the  storage  butters 
the  pasteurized  creamery  butter  it  was  very  sUght.  Milk  diluted 
160  with  distilled  water  and  to  which  16  per  cent  of  boiled  milk  was 

ed  gave  a  gray  color  similar  to  that  of  the  fresh  dairy  butter;  hence 

peroxidase  content  of  butter  is  very  small. 

PARISON  OF  MILK  AND  BUTTER  ENZYMS  ON  THE  BASIS  OF  TOTAL 

NITROGEN 

bie  fat  in  butter  acts  as  so  great  a  diluent  for  the  water-soluble  con- 
lents  that  a  direct  comparison  of  the  enzyms  of  milk  and  butter 
isleading.  The  more  logical  comparison  is  on  the  basis  of  the  total 
)gen,  since  the  proteins  and  enzyms  exist  in  the  same  colloidal 
i  and  ought  to  be  carried  into  the  butter  in  the  same  proportions 
iey  exist  in  the  cream.  The  total  protein  of  the  fresh  dairy  butter 
0.55  per  cent,  that  of  the  milk  from  which  it  was  made  3.47  per 
,  so  the  enzymic  activities  in  the  butter  were  multiplied  by  6.31. 
aking  the  milk  as  the  standard  and  its  enz3anic  content  as  i,  butter 
found  to  contain  the  following  amounts  of  the  various  enzyms 
i  were  studied: 

Galactase 1. 100  I  Catalase a.  000 

Oxidase ^a  000  I  Peroxidase a  008 

lie  galactase  content  of  the  butter  was  approximately  equal  to  that 
le  milk,  the  catalase  content  was  double,  but  the  peroxidase  content 
very  much  less,  and  no  oxidase  activity  could  be  detected. 

ATION   OF   ENZYMS   IN   BUTTER   TO   DETERIORATION    DURING 

STORAGE 

s  mentioned  in  the  introductory  paragraphs  of  this  paper,  dete- 
ition  in  quality  of  butter  during  storage  has  been  considered  by 
e  investigators  to  be  due  to  the  action  of  enzyms  contained  in  it. 
•splitting  (lipase)  or  protein-hydrolyzing  ("galactase"  or  casease) 
nns  have  been  suggested  as  possible  agents  in  causing  deterioration, 
work  leads  us  to  conclude  that  lipases  are  present  in  butter  in  very 
11  amounts,  if  at  all,  and  that  they  could  not  be  conceived  to  be 
idently  active  at  the  low  temperature  used  in  butter  storage  to 
3e  any  appreciable  change  in  the  quaUty  of  the  butter.  The  protein- 
rolyzing  enzym  we  found  to  be  completely  inhibited  by  sodium 
md  in  the  concentrations  which  are  present  in  the  water  contained 
idl  normally  salted  butters.  This  fact,  together  with  the  known 
biting  effect  of  low  temperatures  upon  proteol3^s  by  enzyms  makes 
oipossible  that  the  hydrol3^s  of  proteins  in  the  butter  by  enz3rms 
fs  any  part  in  deterioration  changes.  We  conclude,  therefore,  that 
yms  are  not  to  be  considered  as  a  factor  in  the  deterioration  of  butter 
old  storage. 
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SUMMARY 

Proteol3^s  in  skim  milk  was  completely  inhibited  by  i  per  cent 

)roform  and  by  15  per  cent  of  sodium  chlorid.    Galactase  can  not 

normal  butter  because  of  the  high  salt  content. 

In  the  separation  of  milk  the  factors  which  increase  the  percentage 

ein  in  the  total  nitrogen  also  increased  the  galactase  content 

pening  of  cream  did  not  increase  the  rate  of  proteolysis. 

No  oxidase  was  found  in  milk  or  butter. 

Only  one  sample  of  butter  gave  any  evidence  of  lipase  at  the 

four  days  at  40**  C. 

The  enzym  content  of  butter  is  very  small,  because  of  the  high 

n  in  fat.     Expressed  on  the  basis  of  total  nitrogen  the  butter 

led  contained  as  much  galactase  as  fresh  whole  milk,  twice  as 

catalase,  but  only  one  one  hundred  and  sixtieth  as  much  perox- 

The  cold  storage  of  butter  weakens  the  peroxidases,  but  has  litde 
3n  the  catalase  and  galactase. 

Enzyms  are  present  in  butter  in  such  small  amounts  and  imder 
mfavorable  conditions  for  enzym  activity  during  cold  storage 
hey  need  not  be  considered  as  a  factor  in  the  deterioration  of 
during  storage. 
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I,.  XI  Washington,  D.  C,  December  3,  191 7  No. 

FLUENCE  OF  THE  DEGREE  OF  FATNESS  OF  CATT] 
UPON  THEIR  UTILIZATION  OF  FEED 

HSNRT  Prentiss  Armsby,  DiVerfor,  and  J.  August  Fries,  Assistant  Direc 
Institute  of  Animal  Nutrition  of  The  Pennsyhania  State  College 

PBRATIVE  INVESTIGATIONS  BETWEEN  THE  BUREAU  OF  ANIMAL  INDUSI 
f  THE  UNITED  STATES  DEPARTMENT  OP  AGRICULTURE  AND  THE  INSTITI 
*  ANIMAL  NUTRITION  OP  THE  PENNSYLVANIA  STATE  COLLEGE 

INTRODUCTION 

n  the  fattening  of  cattle  it  is  a  common  experience  that  the  gain 
weight  secured  per  wiit  of  feed  consmned  diminishes  as  the  fatten 
gresses.     Little  reflection  is  required  to  make  it  evident  that  t 
nomenon  may  be  the  combined  restilt  of  a  variety  of  causes, 
posed  lower  utilization  of  feed  by  the  fattened  as  compared  with 
1  animal  has  been  regarded  not  uncommonly  as  one  such  cause, 
been  supposed  that  with  the  progress  of  the  fattening  the  body  o 
ome  less  efficient  in  the  manufacture  of  fat  from  other  nutrients 
t  the  cells  of  the  adipose  tissue,  as  they  become  loaded  with  fat,  o£ 
it  were,  an  increasing  resistance  to  the  deposition  of  added  fat, 
rcome  which  requires  an  expenditure  of  energy.     In  either  cast 
t  of  a  resorbed  nutrient,  such  as  dextrose  for  example,  would  yi 
fat  than  in  the  thin  animal,  while  the  heat  production  of  the  be 
lid  be  correspondingly  increased  and  the  net  energy  value  of  the  f< 
uced. 

'he  investigation  here  reported  was  undertaken  to  test  this  view 
ms  of  a  direct  comparison  of  the  utilization  of  feed  energy  by 
le  steer  in  ordinary  condition  and  when  well  fattened.    Althougl 
iudes  only  a  single  comparison  on  one  animal,  the  results  appear  of  so 
irest  in  view  of  the  paucity  of  experimental  evidence  on  this  point 

OUTLINE  OP  EXPERIMENT 

fhe  subject  of  the  experiment  was  a  pure-bred  Shorthorn  steer  al> 
ears  and  9  months  old  at  the  beginning  of  the  experiment.  He  \ 
ery  quiet  and  docile  animal.  During  the  winter  gf  191 2-1 3  he  \ 
:  subject  of  a  series  of  respiration  calorimeter  trials  (unreporte 
ring  the  following  summer  he  was  on  pasture  and  gained  some  1 
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pounds  in  weight.  On  October  21  he  weighed  1,141  pounds  and  was  put 
on  a  preliminary  ration  of  the  same  feed  mixture  used  in  the  experiment 
proper.  The  latter  began  on  November  2,  191 3.*  At  that  time  the 
animal  was  in  good  condition  but  not  fat.  A  standard  feed,  consisting 
of  tmiform  proportions  of  alfalfa  hay  and  a  mixture  of  concentrates, 
was  used  throughout  the  experiment.  During  period  i  an  approximate 
maintenance  ration  of  this  standard  feed  was  given,  while  during  period 
2  the  amount  was  increased  to  the  maximum  which  the  animal  would 
constune.  A  comparison  of  these  two  periods  in  the  same  manner  as  in 
previous  investigations  served  to  show  the  utilization  of  the  feed  by  the 
animal. 

At  the  dose  of  period  2,  on  December  22,  the  steer  was  placed  in  the 
hands  of  the  Animal  Husbandry  Department  of  the  College  for  fattening 
and  was  fed  by  them  until  March  14,  during  which  time  he  gained  about 
300  pounds  and  was  brought  into  prime  condition.  The  appearance  of 
the  steer  before  and  after  fattening  is  shown  by  the  two  figures  of  plate 
41,  taken  November  3  and  March  14,  respectively. 

In  the  second  half  of  the  experiment,  beginning  March  15,  1914,  the 
comparison  of  periods  i  and  2  was  repeated  in  the  reverse  order.  In 
period  3  the  animal  was  given  as  heavy  a  ration  of  the  standard  feed 
mixture  as  it  was  thought  he  would  consume,  although  in  fact  a  little  was 
left  uneaten.  This  was  followed  by  period  4,  in  which  an  approximate 
maintenance  ration  was  fed.  A  comparison  of  periods  3  and  4  served  to 
show  the  utilization  of  feed  energy  by  the  fattened  animal. 

RATIONS  AND  PERIODS 

The  mixture  of  concentrates  employed  consisted  of  i  part  by  weight 
(air-dry)  of  cottonseed  meal,  2  parts  of  wheat  bran,  and  6  parts  of  maize 
meal.  The  standard  feed  consisted  of  2  parts  by  weight  (air-dry)  of  this 
mixture  and  i  part  of  alfalfa  hay.  The  composition  of  the  dry  matter 
of  the  samples  of  these  materials  taken  is  shown  in  Table  i  of  the  Appen- 
dix. The  slight  fluctuations  observed  in  the  moisture  content  of  the 
feeding  stuffs  from  period  to  period  was  insufficient  to  cause  more  than 
an  entirely  insignificant  variation  in  the  proportions  of  dry  matter  sup- 
plied by  the  several  feeding  stuffs.  As  Table  2  of  the  Appendix  shows, 
the  protein  was  ample  for  a  fattening  animal  of  this  age  according  to  the 
accepted  standards. 

The  dates  of  the  several  periods  and  the  rations  consumed  are  shown 
in  Table  I. 


I  The  dates  given  refer  in  every  instance  to  the  34  hoars  cndhic  at  6  p.  m.  on  the  day  named. 
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TablS  I. — Periods  and  rations 


Preliminary  period. 


Digestion  period. 


Daily  rations. 


Hay. 


Concen- 
trates. 


November  2-12 

!*Jovember  23-29  . . . 
!»Jovember  30-De- 
cember  10. 

ilarch  15-25 

\pril5-15 


November  13--22 . 


Kqih. 
1-7 


Kqih, 
3- 


December  11-20. . 

March  26-April  4. 
April  16-25 


3-5 

3.8 
2.0 


7- 
4. 


DIGESTIBILITY 

of  the  several  rations  was  determined  in  the  usua 
in  detail  being  contained  in  Table  2  of  the  Appendi:x 
3  were  very  watery,  but  it  does  not  appear  that  thi 
er  digestibility.  The  percentage  digestibility  of  th 
the  four  periods  is  shown  in  Table  II. 

TablS  II. — Digestibility  of  rations 


Before  fattening. 


Period! 

(light 
ration). 


Periods 
(heavy 
ration). 


After  fattening. 


Periodj 

Period4 

(heavy 
ration). 

(light 

ration). 

PtrcmU 

Percenl. 

74.8 

76. 

46.5 

51- 

76.4 

78. 

75.9 

75- 

23.3 

67. 

41.4 

42. 

84.0 

85. 

84.3 

81. 

69.8 

75- 

74.6 

76. 

74.1 

75- 

Ptr  uhU 
76.4 

45-9 
78.  1 

75-6 
62.  4 

85.7 
82.2 

75-2 
76.  2 

75-6 


PeranU 
74.2 
42.6 
75-6 
71.  6 
59-8 

45- I 
83.6 
79.6 

71-4 
74.0 

73-4 


NT  OP  FEED. — Both  before  and  after  fattening  tb 
wed  a  distinctly  lower  digestibility  than  the  lighte 
being  the  crude  fiber  in  periods  i  and  2  and  th 
Ktract  in  periods  3  and  4.  The  averages  for  dr 
rbon,  and  energy  are  contained  in  Table  III. 
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'ABtS  III. — Average  digestibility  of  light  and  heavy  rations 


Constituent. 


lAfht        HttTy 
ratioii.         ratkm. 


Digitized  by 


Google 


less  of  Cattle  and  Feed  Utilization 

ind  3  than  ou  the  lighter  rations)  and  that  they 
tie  greater  in  the  fattened  than  in  the  unfatt 

TablS  VI. — Percentage  losses  in  urine 


Percentage  of  total- 

Percentage  of  digestible- 

Nitrogen. 

Carboo.       Bnergy.a 

Nitrogen. 

Carbon. 

Bn< 

71.04 

61.  54 

61.84 

.       8a5i 

S.69 

5.16 
4.55 
4.91 
5.38 

88.56 
107. 75 

6.89 
6. 19 
6.45 
7-47 

«  Corrected  to  N  equilibrium. 


COMBUSTIBLE  GASES 


m  that  the  large  number  of  respiration  experin 
:  the  last  15  years  seem  to  demonstrate  beyond  < 
itation  gases  given  off  by  cattle  on  normal  ra 
the  composition  of  methane.  The  results  of 
adix,  Table  5)  are  entirely  in  accord  with  tho 
N  a  ratio  of  hydrogen  to  carbon  corresponding 
f  methane  ( i :  2 .976) .  The  slight  deficiency  of  h] 
1  ascribe  to  the  diflSculty  of  securing  complete  o: 
fis  of  this  element.  Table  VII  shows  the  rat 
md  the  computed  amounts  of  methane,  both  per 
[ligestible  carbohydrates.  In  accord  with  our  ei 
ctent  of  the  fermentation  of  the  carbohydrate 
ethane  excretion,  was  decidedly  less  on  the  he 
ations.  The  range  of  the  results  is  substantiall; 
experiments  on  similar  rations,  particularly  tho 
s  used. 

Its  VII. — Production  0/ combustible  gases 


Ratio  of 
to  carbon. 

AAetnane  com^y 
fiuiii  carboB 

»eriodNo. 

Total  per 

day  and 

head. 

Pe 
Gn 

di« 

1:2.970 
1:3- 063 
1:3.010 
1:3.048 

Gm. 

137.3 
206.0 
215.8 
154.0 

C 

a  Crude  fiber  plus  nitrogen-free  extract. 
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METABOLIZABLE  ENERGY 

►  to  5  of  the  Appendix  afford  data  for  computing  the  percentage 
nergy  in  the  several  excreta  and  the  percentage  metabolizable. 
umption  that  the  corresponding  values  for  the  alfalfa  hay  were 
LS  those  found  for  the  same  hay  in  an  experiment  upon  the  same 
ring  the  previous  year,  the  corresponding  figures  for  the  con- 
oixture  may  also  be  computed.  The  results  are  recorded  in 
I. 

TablG  VIII. — Percentage  distribution  of  energy 


Item. 


Percentage  losses. 


In 
feces. 


In 
urine. 


In 
methane. 


Percent^e 

metabofix- 

abk. 


[ 

I 

I 

» 

■hay 

IT  concentrates 

I 

> 

5 

{ 


24.44 
26.  61 
25.88 
24.42 

42.  60 

15.62 
18.81 
17.80 
15- 64 


5.16 

4-55 
4.91 

5.38 

S-92 

4.79 
3.88 
4.42 
5" 


9- IS 
6.  72 
6.48 
8.80 

6.77 

10.30 
6.  70 

6.34 
9.78 


61.25 
62.12 

62.73 
61.40 

44.71 

69.39 
7a  61 
71- 44 
69.47 


rlier  experiments,  the  heavier  rations  suffered  relatively  greater 
tiergy  in  the  feces  but  smaller  ones  in  the  urine  and  methane, 
2  percentage  of  the  gross  energy  which  was  metabolizable  was 
eater  in  the  heavier  rations.  It  must  be  remembered  also  that 
Dlizable  energy  as  here  computed  includes  that  evolved  as  heat 
ethane  fermentation.  Estimating  this  at  6.07  Calories  per 
lethane  (2,  p.  468)  the  proportion  of  the  gross  energy  of  the 
dch  was  available  to  sustain  the  tissue  metabolism  averaged 
cent  for  the  lighter  rations  and  59.43  per  cent  for  the  heavier, 
t  difference  in  this  respect  is  manifest  between  the  unfattened 
ed  condition. 

ilts  recorded  in  Table  IX  show  a  close  agreement  with  those  of 
eriments  on  similar  rations. 
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^  losses  of  chemical  energy  and  meiaboUgable  energy 

Gross 
«ergyper 
kilogram 

of  dry 
matter. 

Losses  of 
chemical 
encrnrper 
kilogram 
of  dry 
matter. 

Metabolizableeaergy. 

Per  kilo- 
gram of  dry 
matter. 

Per  kilo- 
gram of 
digestible 
organic 
matter. 

Calories. 
4,488 
4,470 
4,481 
4,478 

Calories. 

1,739 
1,693 
1,670 
1,728 

Calories. 

2,749 
2,995 
3,811 

2,749 

Calories, 
3,720 

3,719 

4,478 

4,334 

4,562 
4,537 
4,554 
4,548 

1,699 
2,396 

1,401 
1,334 
1,300 
1,389 

2,779 

1,938 

3,161 
3,203 
3,253 
3,159 

3,820 
3,507 

3,785 
3,980 
4,014 
3,788 

: 

4,549 

1,343 

3,206 

3,925 

BODY  INCREASE 

id  outgo  of  nitrogen  and  carbon  recorded  in  the 
the  amounts  of  protein  and  fat  stored  in  the  body 
n  the  usual  assumption  that  the  stock  of  carbo- 
remained  substantkdly  unchanged.  The  average 
lods  are  contained  in  Table  X. 

U  X. — Daily  gains  of  protein  and  fat 


dNo. 

Protein. 

Pat 

Total 
organic 
matter. 

Grams, 
14.4 
12a  0 
107.4 

-  51- 0 

Grams. 
89.0 
822.0 
615.9 

-  28.3 

Grams, 
103.4 
942.0 

723- 3 
-  79.3 

>ds  I  and  4,  as  intended,  were  approximately 
Those  of  periods  2  and  3  were  sufficient  to  support 
ning.  As  appears  from  Table  8  of  the  Appen- 
of  energy  differed  from  that  computed  from  the 
t,  being  greater  in  every  instance.  The  condu- 
ragraphs  are  based  on  the  energy  balances  cor- 
h  standing  and  l3dng,  but  the  results  for  protein 
he  basis  for  some  approximate  comparisons.     If 
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the  percentage  of  organic  matter  in  the 
assumed  to  have  been  the  same  as  that  o] 
for  fattening  cattle — ^viz,  73.89 — ^the  gains 
Table  X  are  equivalent  to  a  gain  in  weig 
per  day  in  period  2  and  0.979  ^&^'  (2.2  poi 
mental  periods  were  too  short  to  permit  v< 
be  drawn  from  the  live  weights  of  the  at 
at  about  7  a.  m.,  after  the  morning  feeding 
are  shown  in  the  accompanying  graph  (1 
periods  2  and  3  represent  the  rates  of  gai 
appear  to  correspond  fairly  well  with  the  ofc 
of  the  last  six  weighings  for  each  period  w 

Period  I 

Period  2 

Periods 

Period  4 


LJ 


Flo.  X.— Graph  of  the  fluctuations  in  the  1 

A  comparison  of  these  estimated  gains 
sumption  yields  the  results  of  Table  XI. 
can  be  claimed  for  these  computations, 
clearly  a  decreasing  efficiency  of  the  total 


Table  XI.~F«fii  consttmsd  p€r  ^mU  c^ 

Period  No. 

2 

a 

0 ..^. 

HEAT  EMISSION  AND  P 

The  measured  emission  of  heat  by  the 
and  subperiods  is  recorded  in  Table  6  of  \ 
on  the  heavier  rations,  both  in  the  unf^ 
notably  larger  proportion  of  the  additiona 
was  disposed  of  by  the  evaporation  of  wat 
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TablS  XII.— Paths  of  heat  emission 

Period  No. 

RAdiation 
and  con- 
duction. 

Latent  heat 
of  water 
vapor. 

Per  cent. 
75-88 
52.41 

Per  ceni. 
24.  12 

47-59 
45-77 
31-73 

Lpplying  to  the  figures  for  heat  emission  the  necessary  corrections  for 
gain  or  loss  of  matter  by  the  body  and  for  the  fluctuations  of  body 
iperature  yields  the  results  for  heat  production  contained  in  Table 
I  the  Appendix,  while,  in  order  to  render  the  several  periods  compar- 
s,  a  further  correction  to  uniform  standing  and  lying  must  be  made, 
corrected  results  being  recorded  in  Table  9.  The  average  daily  heat 
duction  of  the  animal,  corrected  to  a  uniform  period  of  12  hours 
iding  and  12  hours  lying,  as  in  our  earlier  experiments,  was: 

Period  1 10, 905  Calories. 

Period  2 16, 511  Calories. 

Period  3 19, 992  Calories. 

Period  4 14, 095  Calories. 

2NERGY  EXPENDITURE  CONSEQUENT  ON  FEED  CONSUMPTION 

lie  foregoing  results  show  the  same  marked  increase  in  heat  produc- 
1  which  has  been  uniformly  found  to  follow  an  increase  in  the  ration, 
►m  a  quantitative  comparison  of  the  corresponding  periods  the  energy 
^enditure  per  unit  of  total  feed  (hay  and  concentrates)  consumed  may 
computed  in  the  case  of  the  unfattened  and  fattened  animal,  respec- 
ily.  The  results  of  this  computation  are  contained  in  Table  XIII. 
r  the  reasons  stated  in  a  previous  paper  (2,  p,  471)  no  attempt  has  been 
de  to  correct  these  results  for  the  differences  in  live  weight. 

Table  XIII. — Energy  expenditure  per  kilogram  of  dry  matter  of  total  ration 


Condition  and  period  No. 

Dry  matter 
eaten. 

Heat  pro- 
duction. 

tattened: 
Period  2 

Grams, 
9,  146.  3 
4,  462.  9 

Calories. 
16,511 
10,905 

Period  i 

Difference 

4,  683.  4 

5,606 
1,197 

Difference  per  kilogram  of  dry  matter 

ttened: 
Period  3 

9,911.6 
5,215-6 

19,992 
14,095 

Period  4 

Difference 

4,696.0 

5,897 
1,25^ 

Difference  per  kilogram  of  dry  matter 
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Ttii*  »^<tlts  are  of  quite  the  same  order 
s  experiments  on  similar  mixe 
p.  385).  In  the  fattened  anir 
e  of  abf  ut  5  per  cent  in  the  e 
ntermediate  between  the  prehei 
and  fat  in  the  tissues.  To  this 
utlined  in  the  introductory  pai 
nail  and  it  is  perhaps  questic 
tal  error.  At  any  rate,  it  is  fa 
fference  in  the  economic  utilize 
Lhe  approximate  calculation  of 
1  comparison  mth  another  facto 
tions  shown  in  Table  XIII  ma 
)mparing  the  percentages  of  tl 
'ered  in  the  gain  made  in  the  \ 
y,  as  shown  by  the  energy  bala 

ABLS  XIV. — Percentage  of  metaboliza 
Condition  and  period  No. 


ence. 


going  results  accord  mth  those  r 
Lites  from  the  results  of  compa 
very  fat  steer  53.39  per  cent  ai 
ibolizable  energy  supplied  in  e» 
gain. 

MAINTENANCE  REQI 

iparisons  of  Table  XIII  also  j 
tabolism  of  the  steer  in  the  c 

^  (i»  P'  53)' 

logram  of  dry  matter  consume 
ries  in  the  unfattened  and  by 
may  be  computed,  therefore, 
e  been  reduced  had  the  feed  I 
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ibtracting  this  amount  from  the  observed  heat  production  ¥dll  give  the 
isal  katabolism.    The  calculations  for  periods  i  and  4  are : 

Period  i  (tmfattened),  10,905— (i,i97X4.4629)=5,563  Calories. 
Period  4  (fattened),      14,095— (i,256X5.ai56)=7,544  Calories. 

Similar  computations  for  periods  2  and  3  would,  of  course,  yield  the 
me  results. 

The  results  per  head  and  also  those  computed  from  the  averages  of  the 
Jghts  reported  on  p.  458  to  a  tmiform  live  weight  of  1,000  pounds  for 
e  sake  of  comparison  with  other  data  are  shown  in  Table  XV. 

Tabl9  'XM ,— Computed  hasal  katabolism  per  day 


Per  haul. 

Per  z»ooo  pounoSr  live 

Offi*'WtV^- 

weii^t. 

In  pfopor> 

tiontotwo- 

thiids 

power  of 

lattened 

Calories, 

5,563 
7i544 

Calories. 
4,919 
5,375 

Calories, 

5,M5 
5»943 

ttened 

In  the  unfattened  state  the  animal  had  a  rather  low  basal  katabolism, 
e  average  of  23  similar  determinations  by  the  writers  (i,  />.  289)  being 
)o6  Calories  per  1,000  pounds,  as  compared  with  5,125  Calories  in  this 
se. 

It  is  evident  that  the  major  factor  determining  the  lower  economic 
iciency  in  the  fattened  state  was  the  very  marked  increase  (36  per 
Qt)  in  the  basal  katabolism.  Doubtless  this  increase  was  due  in  part 
the  greater  body  weight  to  be  supported  while  standing;  but,  as  the 
ble  shows,  the  katabolism  increased  more  rapidly  than  the  weight  or  the 
dy  surface  as  estimated  by  the  Meek  formula.  Apparently  the  ac- 
mulation  of  fat  tended  in  some  way  to  stimulate  the  general  metab- 
ism.  These  results  are  quite  in  harmony  mth  those  obtained  by  Kellner 
id  Kohler  (6;  7,  p.  14)  in  experiments  on  the  same  subject.  This  greater 
aintenance  requirement,  together  with  the  relatively  somewhat  smaller 
^  consumption,  was  chiefly  responsible  for  the  more  expensive  gains 
r  the  fattened  animal. 

NET  ENERGY  VALUES 

From  the  foregoing  the  net  energy  values  of  the  rations  may  filso  be 
mputed  as  shown  in  Table  XVI. 
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TablB  XVI. — Net  energy  values  of  total  rations  per  kilogram  of  dry  matter 


Gross 

(tSSix). 

lAMMCSm 

excreta 
(Table  IX). 

Heat 

increxDent 

(Table 

xni). 

Net  energy 
valne. 

odi 

Calories, 
4,488 
4,470 
4,481 
4,478 

4,483 
4,476 

4,479 
4,480 

Calories. 
1,739 
1,693 
1,670 
1,728 

\'M 

1,716 
1,699 

Calories. 
\     1,197 
}     1,356 

1,227 

1,227 

1,197 
1,256 

Calories. 

{  ::]£ 

/      I,  S5S 
I       1,494 

1,523 
1,567 

1,566 
1,52s 

od  a 

oda 

od  A 

Avenure  for  hcaw  rations 

)n  the  average  of  the  experiments  of  the  previous  year  on  the  same 
nal  I  kgm.  of  dry  matter  of  the  alfalfa  hay  increased  the  heat  pro- 
tion  of  the  animal  by  1,018  Calories.  If  the  values  for  the  hay  are 
uned  to  be  the  same  as  those  found  in  the  previous  year's  experiment, 
net  energy  values  of  the  mixture  of  concentrates  may  also  be  corn- 
ed as  in  Tables  XVII  and  XVIII.  Obviously  this  method  of  com- 
ation  ascribes  the  entire  difference  between  the  results  in  the  several 
ods  to  the  concentrates  and  therefore  tends  to  exaggerate  it 
tively. 


LB  l^Vll. ^^omputed  energy  expenditure  per  kilogram  of  dry  matter  of  concentrates 


Dry  matter  eaten. 

Total  heit 
prodiictioo. 

Period  No. 

Hay. 

Concen- 
trates. 

od  2 

Gm. 

3,088.4 
I,  507.  6 

Gm, 

6,057.9 
2, 955-  3 

Calories. 
16, 511 

odi „ 

10,905 

OiflFcrence 

I,  58a  8 

3, 102.  6 

1,609 

Difference  due  to  hay 

Differences  due  to  concentrates 

f% 

Difference  per  kilogram  of  concentrates 

od  ^ 

3, 335- 1 
I,  754.  3 

6,  576.  5 
3, 461.  3 

I9,99« 
14,095 

od  J. 

Difference 

1,580.8 

3,  "5- a 

5,«97 
1,609 

Difference  due  to  hay 

« 
Difference  due  to  concentrates 

4,a88 

Difference  per  kilogram  of  concentrates 

1,376 
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nputed  net  energy  values  of  concentrates  per  kilogram  of  dry  mat 


riodNo. 


;htrations 

^vy  rations 

fattened  condition 
tened  condition . . 


Gt088 

energy 
(Table  IX). 


CahfUs. 

4,537 
4,554 
4,54s 

4,555 
4,546 

4,550 
4,551 


Losses  in 

excreu 

(Table  IX). 


Calories. 
1,401 
1,334 
1,300 

1,389 

1,395 
1,317 

1,368 
1,345 


Heat  in- 
crcment 
(Table 

xvn). 


1,332 
1,332 

1,288 
1,376 


Net 
energy 
value. 


SUMMARY 

medium  condition  received,  in  two  successive  period 
naintenance  ration  and  a  fattening  ration  of  the  san 
;  of  hay  and  concentrates.  The  animal  was  then  fa 
nparison  of  a  maintenance  ration  and  a  fattening  ratio 
lard  feed  mixture  was  repeated, 
ibility  of  the  lighter  ration  was  in  both  cases  great 
heavier  one,  although  the  difference  was  less  than  hi 
id  in  such  comparisons. 

ponding  rations  were  digested  equally  well  by  the  fa 
med  animal. 

re  losses  of  nitrogen,  carbon,  and  energy  in  the  urii 
leavy  than  on  the  light  rations  and  a  little  greater  in  t1 
the  unfattened  state. 

^tion  of  combustible  gases  (methane),  both  as  compan 
^d  and  with  the  digestible  carbohydrates,  was  notab 
er  than  on  the  lighter  rations.  There  was  no  distin 
respect  between  the  fattened  and  the  unfattened  state 
ence  of  the  smaller  losses  in  the  urine,  and  especially 
gases,  the  percentage  of  the  gross  energy  of  the  fe< 
K>lizable  was  greater  in  the  heavier  than  in  the  light 
irence  in  this  respect  was  observed  between  the  fatten< 
td  animal. 

!  larger  share  of  the  additional  heat  produced  on  tl 
as  eliminated  by  means  of  evaporation  of  water, 
ncrement  resulting  from  the  consumption  of  a  unit 
le  greater  in  the  fattened  than  in  the  unfattened  co 
ently  the  net  energy  values  of  the  feed  and  the  pc 
letabolizable  energy  which  were  available  for  gain  we 
n  the  fattened  than  in  the  tmfattened  condition. 
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The  maintenance  requiienient  of  the'  steer  was  incieased  36  per 
»y  a  3  months'  fattening  in  which  the  live  weight  was  increased  by 
300  pomids.  This  increase  was  greater  than  corresponded  to  the 
se  in  weight  or  in  computed  body  surface. 

)  The  lower  economic  efficiency  of  the  fattened  animal  in  this 
ment  was  due  chiefly  to  his  higher  maintenance  requirement  and 
o  a  small  extent  if  at  all  to  a  difference  in  the  utilization  of  the 
iS  of  feed  over  the  maintenance  requirement. 
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APPENDIX 

principal  numerical  data  obtained  in  the  experiments  are  recorded 

following  tables.    The  computations  involved  have  been  carried 

lyond  the  probable  limit  of  accuracy  of  the  experimental  methods 

er  to  guard  against  a  possible  acctmiulation  of  arithmetical  errors. 

COMPOSITION  OP  PEEDING  STUPPS 

alfalfa  hay  used  was  taken  from  a  stock  of  cut  hay  prepared  in 
[2  for  an  experiment  of  that  year  and  again  used  in  an  experiment 
2-13.  The  hay  was  old  and  rather  hard,  but  was  well  eaten,  except 
Lod  3.  Enough  maize  meal  for  two  periods  was  freshly  ground  at 
ginning  of  the  first  and  third  periods,  respectively.  The  bran  and 
seed  meal  were  purchased  from  the  Dairy  Husbandry  Department, 
i  feeds  were  safely  stored  and  protected  from  vermin. 
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fhe  protein  and  nonprotein  content  of  the  feeding  stuffs  was  computed 
n  the  nitrogen,  using  the  following  factors: 

For  protein: 

Alfalfa  hay 6.  25 

Wheat  bran 5.  70 

Maize  meal 6.  o 

Cottonseed  meal 5.  5 

For  nonprotein 4.  7 

Table  i. — Composition  of  dry  matter  of  feeding  stuffs 


Peed  and  xieriod. 

Ash. 

Pro- 
tein. 

Non- 
protein. 

Crude 
fiber. 

Nitro- 
gen-free 
extract. 

Ether 
extract. 

Total 
nitro- 
gen. 

Carbon. 

Heat 
of  com- 
bustion 
per 
Idlo- 
gram. 

fa  hay: 

ITOd  I 

Perct. 
9.66 
9.  II 
9.49 

Perct. 

12.  13 

11.34 
11.85 

Perct. 
3- 01 
3-02 
3.05 

Perct. 
29.  60 

32-31 
30.30 

Per  a. 

43-59 
42.41 
43-04 

Per  a. 
2.  01 
I.  81 
2.27 

Perct. 
2.58 
2.46 
2.54 

Perct. 

45- 04 
45.12 
45.16 

Calories, 

4,344 
4,340 
4,339 

riod  2 

riods  3  and  4 

Average 

Average  of  3  sam- 
ples, 1911-12 

Average  of  7  sam- 
ples, 1912-13 

9.42 
9.  06 
9.  26 

11.77 

".39 
II.  29 

3-03 
2.86 

3-14 

30.74 
30. 10 
30.46 

43.01 

43.63 
44.09 

2.03 
1.96 
1.76 

a- 53 
2.59 
2.47 

45-" 
44.98 

44.90 

4,341 
4,368 

4,350 

at  bran: 

riod  I 

6.54 
6.44 
6.50 

14.91 
14.52 
14.56 

1.48 

9.70 

10.09 

9.77 

62.64 
62.  22 
62.23 

4.81 
5-14 

2.93 
3.96 
2.94 

45-85 
45-98 
45-93 

4,597 
4,587 
4,573 

riod  2 

riods  3  and  4 

Average 

6.49 

14.67 

1-73 

9.85 

62.37 

4.89 

2.94 

45-92 

4,586 

«  meal: 

Tiod  I 

1-53 
1.44 
1.49 

9.40 
9.46 
9- 56 

.22 

•25 
.  22 

2.36 
2.27 
2.01 

82.16 

82.35 
82.50 

4.33 
4.23 
4.22 

I.  61 
1.63 
1.64 

46.  22 
45-74 
45-97 

4,488 
4,457 
4,465 

jiod  2 

Tiods  3  and  4 

1.49 

9-47 

•23 

2.  21 

82.34 

4.26 

1.63 

45-98 

4,470 

[inseed  meal : 
iriodi 

6.52 

6.37 
7.41 

33.43 
33- 30 
34.77 

1.87 
2.  22 
2.86 

12.72 

12.31 

9.48 

37.32 
36.81 

8.14 
8. 10 
8.67 

6.48 
6.53 
6.93 

48.  II 

47-99 
48.19 

4,917 
4,904 
4,969 

aiod  2 

^riods3  and  4 

Average 

6.77 

33-83 

2.32 

11.50 

37.28 

8.30 

6.65 

48.  10 

4,930 

DIGBSTIBILITY  OP  RATIONS 

he  digestibility  of  the  rations  was  determined  in  the  usual  manner, 
aeriod  3  residues  of  mixed  hay  and  grain  were  left  uneaten.  In  the 
Lputation  it  is  assumed  that  the  proportions  of  the  different  feeding 
!s  in  the  residues  were  the  same  as  in  the  original  ration,  the  actual 
iposition  of  the  residues  agreeing  closely  with  that  computed  on  this 
imption.  The  digestibility  of  tlie  single  feeding  stuffs  was  not 
?rmined.  ' 
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TablB  2. —Digestibility  of  rations 


Period  and  feed. 

Dry 
matter. 

Ash. 

Organic 
matter. 

Protein. 

Non- 
protein. 

Grade 
fiber. 

Lfa  hay 

Gm. 

I,  507-  6 
343-8 

647-5 
1, 964.  0 

Gm. 

145-7 
22.4 

42.3 
30.0 

Gm. 

1,361.9 
321.4 
605.3 

1,934-0 

Gm. 
182.8 

114.9 
184.7 

Gm. 

9.6 
4-2 

Gm. 
446.2 

43-7 
62.8 

unseed  meal 

at  bran 

;e  meal 

46.3 

>tal  fed 

4, 462.  9 
1,054.5 

240.4 
130.  I 

4,  222.  5 
924-4 

578.9 
141.  I 

65.5 
24.6 

599.0 
340.5 

JS 

gested 

3»4o8.4 
76.37 

no.  3 

45.88 

3,  298.  I 
78.11 

437.8 
75-63 

40.  9         25S.  5 
62.  44,        43. 16 

T  cent  digested 

lfa  hay 

3,088.4 

696.2 

1, 342.  8 

4, 018.  9 

281.4 
44.4 

86.5 

57-7 

2, 807.  0 

651.8 

I,  256.  3 

3,961.2 

350.2 
231.9 
194.9 
380.3 

93-3 
15.5 
25.8 

lOO 

T, 

135-4 
91. 1 

unseed  meal 

at  bran 

;e  meal 

jtalfed 

9, 146.  3 
2,358-7 

470.0 
269.6 

8,676.3 
2,089.  I 

1, 157.  3 
328.2 

144.6 
58.1 

i,3iao 
719.9 

i 

gested 

6,787.6 
74.21 

200.  4 
42.64 

6,  587.  2 
75.92 

829.1 
71.64 

86.5 
59.82 

590-1 
45.05 

X  cent  digested .... 

[fa  hay 

3,  508. 1 

813.3 
I,  540.  0 

4,569.3 

loa  0 
68.3 

3, 175- 1 

753- 0 

1,440.0 

4,  501.  0 

415.7 
282.8 
224.  2 
436.7 

106.9 
23.2 

27.7 
la  I 

1,063.1 
77. 1 

unseed  meal 

at  bran 

150.5 
91.7 

;e  meal 

,tal  fed 

10,430.7 
519. 1 

561.6 
37.2 

9,869.1 
481.9 

1,359.4 
67.7 

'%:l 

1,382.4 
77-3 

ised 

tal  eaten 

9,911.6 
2,497.4 

524.4 
28a  4 

9,387.3 
2,217.0 

1,291.7 
3".  3 

159-5 
122.  5 

1,305-1 
764.9 

3 

gested 

7,414.2 
74.80 

244.0 
46.53 

7, 170.  2 
76.38 

98a4 
75.90 

37.0 
23.20 

540.2 
41.39 

T  cent  digested 

[fa  hay 

770.0 
2,284.7 

166.5 
30.1 
50.0 
34.2 

1, 587. 8 

376.5 
72a  0 

2,25a  5 

207.9 

141.  4 
112. 1 
218.4 

53.4 
II.  6 

13.9 
5.0 

531.6 
38.5 

>nseed  meal 

at  hmn 

75-3 

e  meal 

45.9 

.talfed 

5,215.6 
1,215.4 

280.8 
135.7 

4, 934.  8 
1,079-7 

679.8 
164.9 

83.9 
27.1 

691.3 

s 

394-8 

gested 

4, 00a  2 
76.70 

145.  I 
51.67 

3,855.1 
78.  12 

514.  9 
75-74 

56.8 
67.70 

296.5 

f  cent  digested 

42.89 
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L9  2. — Digestibility  of  radons — Coatintied 


- 

N.-free 
extract. 

Bther 
extract. 

Total 
nitrogen. 

Carbon. 

Bnergy. 

Cm, 
657.2 
128.3 
405.6 
1, 613.  7 

Gm. 

30.3 
28.0 

lit 

Gm. 

38.9 
22.3 
19.0 
31-7 

Gm. 
679.1 

165.4 
296.9 

907-7 

Calories. 
6,  549-  35 
1, 69a  39 
2,976.70 
8, 813. 63 

2,804.8 
400.  I 

174.0 
30.9 

III.  9 
27.8 

2,049.1 
488.6 

20, 030. 07 
4,895.44 

2,404-7 
85.74 

143.  I 
82.24 

84.1 
75-16 

76.  16 

15, 134. 63 
75-56 

1,309.7 
262.4 
8356 

3,309-7 

56.0 
17a  I 

75-9 
45-4 
39.7 
65-5 

1,393-6 

334.1 

617.4 
1,838.0 

13,402.54 
3,414.42 

6, 159.  01 
17,910.55 

5,717.4 
940.2 

347-0 
7a  8 

226.5 
64.9 

4, 183. 1 
1,086.8 

40,886.52 
10, 879. 01 

4,  777.  2 
83.56 

276.  2 
79-60 

161.  6 

71.35 

3,096.3 
74.02 

30,007.51 
73.39 

1,509-6 
299.4 

3,769.8 

79.8 

70.5 

79.2 

192.6 

89.2 
56.4 
45-2 
74.9 

1,584.1 
391-9 
707-3 

2, 100.  5 

15, 220. 3 
4,041.3 
7,042.4 

20,399.8 

6, 537. 1 
315-7 

422.  X 
12.8 

265.7 
14. 1 

4,783-8 
234.3 

46, 703. 8 
2, 287.  0 

6,221.4 
997-3 

409-3 
64.1 

251.6 
75-9 

4,  549-  5 
1, 156.^ 

44,416.8 
11,494.1 

5,224.1 
83.96 

345-2 
84.34 

69.83 

3,393.3 
74.59 

32, 922.  7 
74.12 

754.9 

149-7 

479-2 

1,884.9 

39-9 

39-6 
96.3 

44.6 
28.2 
22.6 

37.5 

792.2 

195-9 

353-7 

1, 050.  3 

7,611.2 

2, 020. 4 

3,  521.  2 

10, 200. 1 

3,268.7 
465.8 

211.  0 
38.4 

132.9 
32.2 

2, 392. 1 
571.  0 

23,352.9 
5, 704.  0 

2,802.9 

85-75 

172.6 
81.80 

loa  7 
75-77 

1,821. 1 
76.13 

17,648.9 
75.57 

URINARY  BXCRETION 

is^made  with  a  urine  ftmnel  in  the  usual  manner, 
lal  losses  which  were  taken  up  with  distilled  water. 
Eilyzed  separately.    The  weights  given  in  the  Table  3 
ed  to  rinse  out  the  urine  funnel  and  tube.    There  is  a 
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GASEOUS  EXCRETION 

The  excretion  of  carbon  dioxid  and  methane,  the  latter  being  computed 
from  the  total  carbon  found  in  the  combustible  gases,  is  given  in  table  5: 

Tabl9  s.'-Gaseous  excretion 


Water. 

Cttibpa 
dioodd. 

In  combustible 

KMCS. 

Methane 

computed 

from 

carbon. 

Ratio, 
hydro- 

FcnocU 

Hydro- 
gen. 

Cubon. 

gen  to 
caiboo. 

2, 32a  90 
2, 173- 04 

2,305.76 
2,31a  16 

Gm. 
16.58 
17.27 

Gm. 

47-39 

51-93 

Gm. 
63.32 
69.39 

2.'858 

3- 007 

First  day 

4,493-94 

4,615.92 

33-85 

99-32 

132.  71 

2.934 

Sabperiod3 

a,  257.  43 
2, 234.  52 

2,301.85 
2, 35a  06 

17.78 
17-53 

53-04 
53." 

7a  88 
70.99 

2.983 
3.030 

Snbperiod  4 

Second  day 

4,491-95 

4,651.91 

35-31 

106.  16 

141.  87 

3- 006 

Avers^ 

4,492.9s 

4,633.92 

34.58 

102.74 

137.  29 

2.970 

Ptrioda: 

7,118.08 
6,  550-  47 

3»738.82 
3, 82a  64 

24.92 
25.97 

76.24 
77.93 

101.88 
104  13 

3-059 
3.001 

First  day 

13,668.55 

7,559-46 

50.89 

154.17 

206.  ox 

3.029 

Sabpefiod3 

6,  712.  28 
6,965.47 

3, 730.  76 
3, 727.  53 

im 

78.60 

75-54 

105.  03 
ioa94 

3.035 
3.163 

Second  day 

13,677.75 

7,458.29 

49-78 

154.14 

205.  97 

3- 096 

W^.^.UU'Wk     -VM*  J 

Average 

13,673.15 

7,508.88 

50.34 

154.16 

205.99 

3.063 

Period  3: 
Subperiod  i 

5,480.06 
7,662.40 

4,319.04 
4,  534.  97 

24.97 
26.93 

75-05 
81.01 

loa  28 
108.25 

t^ 

Subpeiiod  3 

^fst  day 

13, 142.  46 

8,854.01 

51.90 

156.06 

208.53 

3.007 

Subperiod  3 

9,998.87 
10,011  85 

4,614.54 
4, 678.  52 

27.46 
27.94 

81.96 
84.92 

109.52 
113.48 

2.985 
3- 039 

Subperiod  4  *• 

Second  day 

20, 010.  72 

9, 293.  06 

55-40 

166.88 

223.00 

3.012 

Average 

16,  576.  59 

9,073.54 

53.65 

161.  47 

215-77 

3.010 

Period  4: 
Subperiod  i 

3,707.71 
3, 972.  70 

2,937.49 
2, 928.  18 

\tfs 

61.04 
55-95 

81.57 
74.76 

3.058 

3-012 

Subperiod  2 

First  day 

7,680.41 

5,865.67 

38.54 

116.99 

156.33 

3.033 

Subperiod  3 

3, 924.  83 
3, 925- 62 

2, 963.  99 
2,958.43 

18.77 

18.30 

57.39 
56.14 

76.69 
75.01 

3.058 
3.068 

Subperiod  4 

7,850-45 

5,922.42 

37- 07 

"3.  53 

151.  70 

3.063 

Average 

7, 765. 43 

5,894.05 

37-81 

115-  26 

154.02 

3.048 

o  Computed  from  results  for  last  6  hours. 
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HEAT  EMISSION 


le  amounts  of  heat  given  off  by  the  animall)y  radiation  and  condtio 
and  as  latent  heat  of  water  vapor  are  given  in  Table  6. 

TablS  6. — Heat  emission 


Period. 


By  radiation 
and  conduc- 


As  latent  heat 
of  water  vapor. 


TdtaL 


di: 

bperiod  I  — 
bperiod  2  — 

First  day. . . 

bperiod  3 

bperiod  4 

Second  day 

Average 

da: 

bperiod  i 

bperiod  2 

St  day 

^period  3 

3period  4 

Second  day. 

Average 

jpenod  I 

speriod  2 

First  day. . . 

^period  3 

3period  4 

Second  day. 

Average — 

d4: 

^period  i 

^period  a 

First  day. . . 

^period  3 

}period  4 

Second  day. 

Average 


Calories. 
4,  185.  O 
4,  182.  3 


8,367.3 


4, 177-  7 
4f  048.  9 


8, 226.  6 


8, 297.  o 


4, 418.  3 
4, 433- a 


8,851.5 


4,  795-  2 
4, 029.  o 


8, 824.  2 


8,837.9 


7,336.8 
5i  765.  o 


13,  loi.  8 


5»«>7-i 
4,953-6 


9, 960.  7 


",531.3 


4,  725.  o 
4,800.9 


9»  525.  9 


5»  194-  4 
4, 890.  3 


10, 084.  7 


9,805.3 


Calories. 
I,  362.  4 

1,275-6 


2,  638.  O 


1,325-1 

1, 3"- 7 


2,636.8 


2, 637.  4 


4, 178.  3 
3, 845.  I 


8, 023.  4 


3, 940. 1 
4,088.7 


8, 028.  8 


8, 026.  I 


3,216.8 
4,  497-  8 


7,  714.  6 


5, 869.  3 
5,877-7 


11,747.0 


9,  730-  8 


2, 176.  4 
2,332.0 


4,  508.  4 


2,303-9 
2,304.3 


4,608.2 


4,  558.  3 


Calories. 

5,547.4 
5,457.9 


II,  005- 3 


5,360.6 


10, 86j.  4 


10,934.4 


8,596.6 
8,27&j 


16,874.9 


8,735-3 
8,117.7 


16,853-0 
16,864.0 


10,553.6 
10, 262. 0 


20,816.4 


10,876.4 
10,831.3 


21, 707-  7 


21,262.1 


6,901.4 
7,132.9 


14,034.3 


7,498.3 
7,194.6 


14,692.9 


14,363.6 
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HEAT  PRODUCTION 

ascertain  the  heat  production,  the  measured  heat  emission  as 
ded  in  Table  6,  must  be  corrected  for  any  storage  of  heat  in  the 
I  due  either  to  fluctuations  of  body  temperature  or  to  a  gain  or  loss 
itter  by  the  body. 

e  rectal  temperature  of  the  animal  was  taken  after  it  had  stood  in 
Edorimeter  for  about  four  hours — ^that  is,  about  one  hour  before  the 
Tijng  of  the  first  subperiod — and  again  immediately  after  leaving  the 
[meter.  It  would  appear  probable  that  the  former  temperature 
be  taJcen  without  serious  error  as  the  body  temperature  at  the  begin- 
of  the  experiment.  Table  7  shows  the  body  temperatures  as  taken 
ikewise  the  Hve  weights  of  the  animal  when  leaving  the  calorimeter. 

Table  7. — Body  temperatures  and  live  weights 


Tanpenture. 

Live 
weight 

Period  MO. 

Entering. 

Leaving. 

DifiFerence. 

when 
leaving 
calorime- 
ter. 

•c. 

38.8 
38.7 

38.2 
38.9 

•c. 

-a  6 
+0.2 
+0.3 
—a  I 

493 

lie  specific  heat  of  the  body  is  assumed  to  be  0.8,  the  corresponding 
:tion  to  be  applied  to  the  heat  emission,  computed  on  the  live 
It  when  leaving  the  calorimeler,  would  be  as  shown  in  the  second 
m  of  Table  8.  The  correction  for  the  gain  or  loss  of  matter  by  the 
is  based  on  the  observed  gain  or  loss  of  protein,  fat,  and  water  and 
een  computed  in  the  manner  described  in  a  previous  paper  (j). 
plying  these  corrections  gives  the  results  recorded  in  Table  8  for 
eat  production  as  compared  with  that  computed  in  the  usual  way 
the  balance  of  nitrogen  and  carbon. 

CORRECTION   TO   UNIFORM   STANDING   AND   LYING 

e  proportion  of  time  spent  in  the  standing  and  l3ring  positions, 
ctively,  during  the  respiration  calorimeter  tri^s  varied  considerably, 
3ercentage  lying  ranging,  on  the  single  days,  from  26.7  to  58.4, 
ralent,  respectively,  to  384.5  minutes  and  840.5  minutes  per  24  hours. 
»>nesponding  range  for  the  entire  48-hour  periods  was  773  to  1,662 
ites  per  48  hours,  or  from  26.8  to  57.7  per  cent.  In  order  to  render 
everal  periods  comparable,  the  heat  production  has  been  computed 
2  hours  standing  and  12  hours  lying,  respectively,  by  the  method 
ribed  in  a  previous  publication  {2,  p.  434). 
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PODBLIGHT   OF    THE    LIMA    BEAN   CAUSED    BY 
piAPORTHE  PHASEOLORUM 

By  L.  L.  Hartsr, 

Pathologist^  Coiion,  Truck,  and  Forage  Crop  Disease  Investigations,  Bureau  of  Plant 
Industry,  United  States  Department  of  Agriculture 

INTRODUCTION 

The  Lima  bean  {Phaseolus  lunatus  L.)i  compared  with  some  of  the  other 
nek  crops,  is  relatively  unimportant  from  a  commercial  standpoint.  It 
grown  in  a  small  way  in  the  garden  by  nearly  every  farmer,  and  on  a 
nmnerdal  scale  in  a  few  sections  of  the  United  States,  particularly 
ong  the  Atlantic  seaboard  and  along  the  Pacific  coast.  Like  many 
her  crops  grown  only  for  home  use  or  on  a  commercial  scale  in  a  limited 
:ea,  its  several  pests  and  diseases  have  either  been  overlooked  or  ignored, 
hie  Lima  bean,  however,  has  its  share  of  diseases,  some  of  which  have 
»en  fairly  well  studied,  while  little  is  known  about  others.  To  the 
tter  class  belongs  the  podblight,  a  disease  of  considerable  economic 
iportance  some  seasons  in  commercial  fields.  It  was  first  discovered 
f  Halsted  (iSy  in  1891,  in  New  Jersey.  Further  than  this  nothing  is 
lown  as  to  the  time  and  place  of  the  origin  of  the  disease. 
There  is  no  evidence  from  the  search  of  the  literature  that  the  disease 
xrurs  outside  of  the  United  States,  although  it  is  impossible  to  state 
^finitely  that  it  does  not,  in  view  of  the  great  number  of  species  of 
lioma,  Phyllosticta,  and  closely  related  genera  under  which  the  casual 
tngus  may  have  been  described.  A  careful  search  through  the  descrip- 
Dns  of  species  of  the  genera  Phoma,  Phyllosticta,  and  Phomopsis  on 
fferent  species  of  Phaseolus  has  revealed  none  located  in  foreign  coun- 
ies  identical  with  the  organism  causing  the  podblight.  It  therefore 
>pears  safe  to  assume  at  the  present  time  that  the  disease  is  indigenous 
>  the  United  States. 

To  judge  from  published  accounts,  Halsted  (16)  was  the  first  to  recog- 
ize  this  disease  and  found  it  causing  much  damage  to  the  pods  of  pole 
ima  beans  in  New  Jersey  in  the  fall  of  1891.  He  attributed  it  to  a 
secies  of  Phyllosticta,  pointing  out  at  the  same  time  that  large  blotches 
^ere  also  produced  on  the  leaves.  That  he  studied  the  disease  with  some 
Bure  and  did  not  content  himself  with  a  few  pas^ng  observations  is 
vident  from  the  fact  that  he  found  that  the  seeds  from  infected  pods, 
rhen  placed  under  a  suitable  environment,  such  as  between  moist  cloths 
r  paper,  developed  the  fruiting  bodies  of  the  fungus. 

*  Reference  is  made  by  number  (italic)  to  'i'  Lterature  died."  p.  502-504. 
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In  1892  Ellis  and  Everhart  {15,  />.  15?)  evidently  c 
organism  on  the  pods  of  Phaseolus  lunatus  at  Newfie 
scribed  it  as  a  new  species  of  Phoma,  Phoma  svbcvrci 
that  it  differed  from  Phoma  leguminum  West,  in  the  sut 
ment  of  the  pycnidia  and  the  rather  larger  binudeate  s 
later  apparently  concurs  with  Ellis  and  Everhart  tl 
species  of  Phoma,  for  in  1901  he  {if)  refers  to  the  disc 
name  and  enlarges  his  earlier  description.  Two  illt 
pended  to  his  article,  one  showing  the  characteristic  1 
disease  on  the  pods  and  the  other  on  the  leaves,  both  ty] 
as  we  know  it  at  the  present  time. 

DISTRIBUTION,  PREVALENCE.  AND  L( 

For  14  years  after  this  disease  was  found  in  New  Jc 
not  appeared  in  any  other  State  or  had  not  been  disc 
however,  Clinton  (5,  />.  263)  reports  a  leafspot  of  Ph 
New  Haven,  Conn.,  apparently  the  same  as  that  descrit 
by  Halsted.  He  states  that  he  did  not  observe  the  dii 
but  adds  that  it  had  not  been  looked  for  there,  i 
macroscopically  with  Halsted's  description  of  the  dise 
Clinton  entertained  some  doubt  of  its  identity  with  F 
E.  and  E.  because  of  the  fact  that  the  spores  average 
by  2.5  to  3.5  /i)  and  were  occasionally  septate.  He 
sibility  that  the  fungus  may  be  Ascochyta  phaseolorum 

In  1 912  Cook  (6,  p.  311-318)  reports  a  severe  outbrei 
pole  Lima  beans  in  the  State  of  New  Jersey  caused  t 
which  occurs  on  leaves  and  to  some  extent  on  the  pod 
following  year  it  was  less  severe  (7,  />.  801),  but  in  i< 
reports  the  disease  again  as  causing  much  damage, 
Phoma  subcircinaia  E.  and  E.  A  leafspot  caused  by  / 
Una  Sacc.  was  also  commonly  met  with. 

In  view  of  the  relatively  few  times  this  disease  I 
during  a  period  of  25  years,  it  is  evident  that  it  has  ger 
overlooked  or  disregarded.    This  is  probably  due  to 
crop  is  relatively  a  minor  one  and  that  the  disease  app 
the  low  prices  do  not  justify  further  pickings.    It,  1 
more  widely  distributed  than  the  published  reports 
reported  (unpublished)  to  the  Plant  Disease  Survey 
in  North  Carolina  by  R.  H.  Fulton  in  1913.    The  wi 
studied  specimens  of  badly  infected  plants  from  Ifarj 
1915,  and  from  Virginia  in  1915.    During  the  seasons 
the  disease  also  caused  heavy  loss  to  the  crop  in  New 
elusion,  it  may  be  stated  that  the  disease  is  rather  \ 
along  the  Atlantic  seaboard  and  causes  considerable  da 
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DESCRIPTION  OF  PODBLIGHT 

Although  the  ascogenous  stage  of  this  fungus  has  been  connected  by  the 
writer  with  the  pycnidial  stage,  the  latter  is  alone  concerned  in  the  injury 
to  the  crop  in  the  field.  A  macroscopic  description  of  this  disease  there- 
fore will  be  confined  to  the  pycnidial  or  imperfect  stage.  In  the  field 
under  suitable  conditions  the  disease  first  appears  on  the  leaves  of  plants 
from  I  to  2  feet  high.  Wet  weather  is  conducive  to  the  spread  and  warm 
weather  promotes  the  development  of  this  as  well  as  many  other  dis- 
eases of  this  t)rpe.  Serious  outbreaks  have  often  occurred  immediately 
following  a  few  days  of  rainy,  warm  weather  in  fields  where  previously 
the  disease  was  scarcely  noticeable.  In  such  a  case  the  loss  is  often  se- 
rious; but  if  dry  weather  follows  new  growth  of  leaves  and  fruit  will  be 
produced  comparatively  free  of  the  disease.  If,  however,  the  weather 
continues  wet,  a  new  outbreak  is  liable  to  occur. 

The  leaves  function  as  host  for  the  fungus  during  the  earlier  part  of  the 
season,  from  which  it  spreads  later  to  the  pods.  Large,  subdrcular, 
brown,  often  bordered  patches  are  produced  on  the  leaves  (PL  42,  A). 
These  patches,  varying  in  size  naturally  with  age,  often  attain  a  diameter 
of  I  to  3  cm.  Infection  is  not  restricted  to  any  portion  of  the  leaflets 
but  the  regions  bordering  the  midrib  are  most  frequently  attacked.  The 
fungus  spreads  more  or  less  in  all  directions  from  the  point  of  infection, 
but  may  often  be  delimited  by  a  large  vein  or  midrib.  In  this  moribund 
tissue,  or  in  tissue  soon  after  it  is  killed,  the  fruiting  bodies  (pycnidia)  of 
the  fungus  break  through  the  epidermis.  They  are  arranged  mors  or 
less  concentrically,  and  appear  first  as  gray  or  gra3nish  raised  pimples, 
which  later  darken  and  become  nearly  black.  They  therefore  may  be 
seen  as  conspicuous,  minute  black  specks  on  the  upper  surface  of  the 
leaves  standing  apart,  sometimes  confluent,  on  a  brown  background. 
The  dead  tissues  finally  become  dry  and  fall  out,  leaving  a  ragged  hole. 

This  disease  must  not  be  confused  with  a  leaf  spot  of  Lima  beans  and 
other  varieties  of  beans,  as  well  as  of  cowpeas,  caused  by  PhyUosticta 
phaseoUna  Sacc.,  the  spots  of  which  are  smaller,  more  nearly  round,  and 
the  pycnidia  smaller  and  fewer  in  number. 

The  disease  appears  on  the  pods  usually  the  latter  part  of  July  or  early 
m  August,  at  a  time  when  the  vines  have  neatly  reached  theu:  full  devel- 
opment. Under  field  conditions  it  is  not  certain  at  what  stage  in  the  de- 
vdopment  of  the  pod  infection  takes  place.  Young  pods  are  rarely 
fomkl  diseased,  and  inoculation  experiments  have  shown  that  they  are 
infected  less  easily  than  ones  nearly  matured.  The  disease  progresses 
rather  stowly,  requiring  a  week  or  10  days  after  inoculation  to  produce  a 
spot  of  any  size  or  for  the  production  of  pycnidia.  The  growth  of  a  bean 
pod  is  comparatively  rapid,  and  it  is  likdy  that  infection  may  take  place 
when  the  pods  are  youi^,  the  fungus  becoming  viable  as  the  pod  ap- 
proaches maturity.    Infection  occurs  at  any  point  on  the  surface  of  the 
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pod,  but  more  frequently  at  or  near  the  ventral  suture  (PI.  42,  B).  H 
infection  occurs  near  or  at  the  dorsal  or  ventral  suture,  the  fungus  spreads 
in  all  directions  in  a  circular  or  semicircular  manner,  the  hyphae  growing 
among  the  cells  of  the  pod  below  the  epidermis.  The  extent  of  the  hy|dial 
growth  of  the  fungus  among  the  cells  is  indicated  by  the  darkening  of  the 
pod  above  the  invaded  area,  evidently  the  first  signs  of  the  exhaustion  of 
the  food  supply  and  approaching  death  of  that  part  of  the  pod.  This  is 
soon  followed  by  numerous,  minute  elevations  over  the  surface,  the  points 
where  the  pycnidia  are  forming.  These  lifted  points  are  at  first  gray,  but 
as  soon  as  the  pycnidia  break  through  the  epidermis  they  become  neaily 
black  and  protrude  in  a  domelike  manner  from  the  surface.  They  are 
often,  though  not  always,  arranged  concentrically  and  stand  apart;  or  two 
or  more  may  be  confluent  in  a  cluster  or  chainlike  manner.  Upon  the 
death  of  the  pod  the  fungus  grows  rapidly  through  the  tissues,  the 
pycnidia  breaking  out  more  or  less  over  the  entire  surface  (PI.  42,  C). 
The  fruiting  bodies  which  are  formed  subsequent  to  the  death  of  the  pod 
are  usually  not  formed  concentrically. 

Under  field  conditions  the  fruiting  bodies  of  the  fungus  are  often  found 
on  the  dead  and  more  rarely  on  moribund  stems.  It  is  exceedingly 
uncommon  to  find  t3rpical  infections  of  living  stems,  and  the  writer  has 
never  been  able  to  produce  infection  of  living  stems  artificially.  The 
pycnidia,  however,  appear  abimdantly  after  the  death  of  the  vine  on 
stems  that  have  been  sprayed  with  spores  of  the  fungus. 

The  disease  is  much  more  common  and  destructive  on  the  pole  Uma 
beans  than  on  the  bush  limas. 

ETIOLOGY 

The  podblight  of  Phasedus  lunaius  is  caused  by  a  fungus  pathogen  to 
which  various  names  have  been  given  at  different  times.  The  use  of 
different  names  is  largely  due  to  the  lack  (rf  a  knowledge  of  the  life  his- 
tory of  the  fungus  and  to  the  practice  of  many  mycologists  in  separating 
the  genera  Phyllosticta  and  Phoma,  respectively,  according  to  whether 
the  fungus  occurs  on  the  leaf,  or  on  the  stem,  or. on  other  parts  of  the 
host. 

Halstead  (j6)  first  reported  this  disease  in  1891  as  causing  considerable 
damage  to  the  pods  and  leaves,  and  attributed  it  to  a  species  of  Phyllo- 
sticta. He  was  evidently  in  doubt  as  to  the  species,  for  he  does  not 
refer  it  to  PhyllosHcia  phaseolina  Sacc  (50,  p.  14^),  which  had  been 
described  some  years  earUer  and  which  occurs  commonly  on  Lima  beans, 
on  Phaseolus  diversifoUus,  Elansas  (Kellerman},  New  Jersey  (EUis), 
Canada  (Deamess)  on  Phaseolus  perermis,  Missouri  (Galloway)  and  on 
cowpea,  Kansas  (D.  B.  Swingle).  In  1905  Smith  (33)  proved  the  patho- 
genicity of  this  organism  on  the  leaves  of  Lima  beans  and  other  varieties, 
such  as  kidney  and  wax,  and  on  cowpeas.  He  found  that  the  pods 
were  not  affected. 
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That  the  writer  has  been  workmg  with  the  same  fungus  which  Bllis 
nd  Everhart  described  as  Phama  subcircinata  there  is  Uttle  doubt, 
[ateiial,  collected  by  Dr.  J.  B.  EUis  at  Newfidd,  N.  J.,  and  identi- 
ed  by  him  as  Phoma  subcircinaia,  has  been  examined  and  found 
)  be  identical  with  material  collected  at  Vineland,  N.  J.,  only  4 
liles  distant  from  Newfield.  It  should  be  mentioned  in  this  connec- 
on  that  the  material  from  which  Ellis  and  Everhart  made  their  de- 
dption  was  likewise  collected  at  Newfield,  in  1892.  In  1890,  three 
Ears  before  Ellis  and  Everhart's  description  of  Phoma  subcircinata 
)peared  (13,  p.  158),  Ellis  collected  and  identified  as  PhyUosHcia 
Saseolina  some  material  from  Newfield  which  upon  examination  the 
riter  has  foimd  to  be  identical  with  material  later  identified  by  him 
SUis)  as  Phoma  subcircinata  and  also  identical  with  the  material  the 
riter  has  been  studying. 

Phoma  subcircinata  E.  and  E.  was  described  by  Ellis  and  Everhart 
5,  p.  158)  as  follows: 

On  pods  of  Lima  Beans,  Newfield,  New  Jersey,  October,  1892. 
Perithecia  subcuticular,  70-90  m  diam.,  sublenticular,  subconfluent  pierced  above, 
unbranous,  black,  subcirdnately  arranged  in  lai^gie  (z  cm.),  round,  faintly  zonate 
ots,  finally  spreading  and  occupying  the  entire  surface  of  the  pods.  Sporules 
kmg-elliptical,  hyaline,  2-nucleate,  5-6  by  2-2.5  M>  on  simple  basidia  rather  larger 
m  the  sporules. 

This  description  fits  perfectly  the  f imgus  the  writer  has  been  studying, 
ith  the  exception  of  th^  size  of  spores  and  pycnidia.  An  examination 
the  material  collected  and  identified  by  Ellis  as  Phoma  subcircinata 
ows  the  spores  to  be  somewhat  lai^ger  (6.4  to  8.0  by  2.4  to  3.6  /i,  average 
4  by  2.95  m)*  s^nd  the  pycnidia  considerably  larger  (142  to  276  /i,  average 
(5.8  /i).  Material  collected  and  identified  by  Ellis  three  years  earlier  as 
hyUostida  phasedina  and  which  he  probably  later  took  for  Phoma  sub- 
rcinaia^  bore  spores  (6.0  to  8.0  by  2.8  to  3.2  >i,  average  7.2  by  2.88  /*) 
id  pycnidia  (197.5  ^^  260.0  fjL,  average  219.0  fj)  of  about  the  same  size. 
ti  material  which  the  writer  has  collected  and  from  which  isolations 
ive  been  made  for  inoculation  work  the  spores  varied  from  6.0  to  8.6 
f  2.4  to  4.1  /*,  average  7.50  by  3.23  fjL,  and  the  pycnidia  from  158.0  to 
^5.0  fjL,  average  245.86  fi.  From  the  data  at  hand  it  appears  evident 
lat  the  fungus  described  by  Ellis  and  Everhart  as  Phoma  subcircinata 
the  same  as  the  one  the  writer  has  been  studying. 
In  view  of  the  fact  that  the  fungus  causing  podblight  has  been  con- 
scted  with  a  perfect  stage,  the  genus  to  which  the  imperfect  form  should 
roperly  belong  is  of  no  great  consequence,  but  it  may  be  of  interest  to 
Qow  that  this  f imgus,  like  a  number  of  others  which  have  been  classed 
s  Phoma,  belongs  to  the  form  genus  Phomopsis.  In  morphological 
tructures  the  podblight  fungus  is  identical  with  similar  structures  of  the 
enus  Phomopsis  as  laid  down  in  Diedicke's  (ij)  revision  of  the  group — 
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that  is,  cbambering  of  the  pycnidia,  formation  of  sderotial  stroma, 
presence  of  pycnospores  and  stylospores,  and  structure  of  the  pycnidial 
wall.  No  stroma  is  formed  by  this  fungus  on  the  leaves.  If  this  fact 
should  be  disregarded  and  Saccardo's  classification  followed,  it  should  be 
classed  as  a  Dothiorella  or  a  Pusicoccum.  Stylospores  have  bedh  found  to 
be  abundant  in  most  of  the  material  collected  and  studied,  but  none  were 
found  in  the  herbarium  material  collected  and  identified  by  Ellis  as 
Phoma  subcircinata.  However,  isolations  have  been  made  from  material 
which  did  not  bear  stylospores  but  developed  them  in  cultures  later, 
which  shows  that,  althouj^  not  always  present,  the  fungus  may  pro- 
duce them.  On  the  other  hand,  the  oiiganism  isolated  from  ^)ecimeiis 
bearing  stylospores  do  not  always  produce  them  in  culture;  This  fun- 
gus is  very  similar  to  a  large  group  of  other  organisms  which  have  long 
been  classed  as  Phoma.  In  a  taxonomic  study  of  the  group  Diedicke 
(is)  transferred  a  number  of  species  of  Phoma  to  the  genus  Phomopsis. 
The  podbUght  fungus  does  not  differ  essentially  morphologically  from 
the  conidial  stage  of  Diaporihe  baiakUis  (E.  and  H.)  Harter  and  Field, 
which  was  first  described  as  Phoma  bataiae  but  found  later  by  Harter  and 
Field  (2j)  to  be  a  species  of  Phomopsis.  It  is  similar  also  to  the  organism 
causing  f  ruitrot,  leaf  spot,  and  stemblight  of  ^[gplant,  which  was  known  as 
Phoma  solani  on  the  stem  and  fruit  and  as  PhyUosHcta  horiorum  on 
the  leaves,  both  of  which  were  found  by  Harter  (20)  to  be  caused 
by  the  same  organism  and  to  belong  to  the  form  genus  Phomopsis. 

Some  years  before  Phoma  svbdrcinaia  was  described  by  BUis  and  Ever- 
hart,  Cooke  and  EUis  (9,  p.  93)  described  Sphaeria  (Diaporihe)  phaseo- 
larum  occurring  on  bean  stalks  as  follows: 

Gregaria,  tecta.  Perithedia  globosis,  immersis,  minimis.  Ostiolis  spimieformibtis, 
atria,  crmnpentibtis,  Aads  davatis.  Sporidiis  lanceolatis,  qtiadrinucleatis.  Spo- 
ridia  0.016  mm. 

In  the  original  description  no  tyi^  location  was  given;  ndther  is  it 
apparent  in  this  or  subsequent  descriptions  whether  the  fungus  was  found 
on  Lima  beans  or  other  varieties.  In  the  absence  of  these  facts,  together 
with  the  imperfect  description,  it  would  be  diflScult  to  identify  correctly 
the  fungus  if  it  had  not  been  more  fully  described  later  by  EUis  and 
Eveiiiart  (14,  p.  460)  as  follows: 

Diaparthe  phaieolorum  (C.  &  B.). 
sphaeria  phaseolorum,  C.  &  E.  Grev.  VI,  p.  93. 
Diaporihe  phaseolorum,  Sacc.  Syll.  2635,  Cke.  Syn.  2423. 
Exsicc.  EU.  N.  A.  F.  188. 

Peritheda  gregarious,  buried,  very  small.  Ostiola  spine-like,  slender,  projectiiif 
for  K~~K  nun.  Aad  davate,  3o-:35  by  6-7  m-  Sporidia  biseriate,  obkmg-lanceoUte, 
4-nudeate,  scarcdy  or  only  ^ghtly  constricted,  10-13  by  3  m  (16  m  long,  Cke.)- 

On  decaying  bean  vines  left  exposed  through  the  winter,  Newfidd,  N.  J.  Mostly 
arotmd  the  nodes  of  the  stem,  the  surface  mostly  blackened  and  the  stroma  limited 
within  by  a  black  line. 
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The  writer  collected  a  quantity  of  Lima  beans  (pods  and  stems)  at 
Vineland,  N.  J.,  in  October,  1914,  and  January,  1915,  which  bore  an 
abundance  of  pycnidia  of  the  podblight  ftmgus,  generally  known  as 
Phofna  subcircinata  £.  and  £.  After  isolating  the  causal  f tmgus  the  ma- 
terial was  wintered  out  at  Washington,  D.  C,  and  covered  with  leaves  and 
dirt.  On  June  2  peritheda  of  the  genus  Diaporthe  were  found  to  be 
abundant  on  stems  mad  pods  of  this  material.  The  peritheda  were 
scattered  and  buried  in  the  tissue  of  the  host  except  the  beaks  whidi 
were  long  and  projecting  and  somewhat  bent  as  shown  by  Plate  43,  D. 
A  pycnidial  fungus  was  isolated  from  single  ascospores  which  was  iden- 
tical with  the  one  isolated  from  the  material  before  it  was  wintered  out. 
Subcultures  of  this  strain  were  used  in  inoculation  experiments  and  pro- 
duced infections  identical  with  that  produced  by  subcultures  from  iso- 
lations of  single  pycnospores.  This  strain  (known  as  598),  as  well  as 
others  isolated  directly  from  pycnospores,  produced  stylospores.  The 
perithedal  stage  has  never  devdoped  in  culture. 

The  peritheda  produced  on  the  wintered-out  material  varied  in  size 
from  158.0  to  355.5  /I,  average  251.9  /*;  the  asd  28.0  to  46.2  /i  by  5.2  to 
8.0  Ai,  average  37.4  by  6.73  /jl;  the  ascospores  6.4  to  12.0  /i  by  2.3  to  4.0  fjL, 
average  9.5  by  2.93  fi.  The  peritheda  of  tjrpe  material  varied  in  size 
from  158.0  to  237.0  /*,  average  215.6  fi;  the  asd  28.0  to  44.0  /i  by  4.8  to 
8.0  fi,  average  33.6  by  7.0  /*;  the  ascospores  8.0  to  12.0  by  2.4  to  4.0  fjL, 
average  lo.o  by  3.3  /i.  From  the  fact  that  the  ascospores,  asd,  and  peri- 
theda together  with  other  morphological  characters  of  the  two  organisms 
are  practically  identical,  it  is  conduded  that  they  are  the  same  fungus  and 
should  be  known  as  Diaporihe  phaseolarum  (C.  and  £.)  Sacc. 

MORPHOLOGY  f 

PYCNIDIAL  STAGE 

From  the  point  of  infection  the  hyphse  grow  in  all  directions,  invading 
practically  ail  classes  of  ceUs  except  the  bast,  a  layer  of  which  (fig.  i, 
A,  B,  J)  is  found  just  below  the  epidermis.  Figure  i,  A  and  B,  c,  shows 
parenchyma  cells  traversed  by  the  hyphae.  Soon  after  the  death  of  the 
cells  the  p3rcnidia  begin  to  form,  and  devdop  very  rapidly  thereafter. 
The  h3rphal  growth  increases  in  the  cavities  bdow  the  stomata  or  in  the 
intercellular  spaces.  Prom  here  it  passes  up  between  the  bast  cells  which 
are  often  somewhat  separated  beneath  the  stomata.  As  growth  increases, 
gnarls  of  hyphae  accumulate  under  the  stomata  and  between  the 
epidermis  and  the  bast  cells  (fig.  i.  A,  B,  fr).  From  this  point  the  f tmgus 
spreads  out  just  beneath  the  epidermis  and  devdops  a  more  or  less  | 

circular  plate,  the  base  of  which  rests  on  the  bast  cells.    Figure  i ,  A,  shows  I 

an  early  stage  in  the  devdopment  of  the  pycnidial  plate.    As  the  fungus  | 

growth  continues,  the  epidermis  is  gradually  devated  (fig.  i,  B,  a)  as  the  | 
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*he  pycnidia  vary  greatly  in  size  (158.0  to  475  /*,  average  245.86  /i 

n  host).    They  are  irregular  in  shape,  chambered  with  an  inner 

Jin  layer  from  which  the  conidiophores  arise»  and  a  dark  outer  layer 

±  thickened  and  darkened  above  (PI.  43,  B,  C),  all  characters  typical 

he  genus  Phomopsis.    Sometimes  the  contiguous  sidewalls  of  two  or 

e  pycnidia  are  ruptured,  forming  a  single  cavity  (PI.  43,  £).    On  the 

It  hand,  they  may  be  pressed  together  but  separated  by  a  single  dark 

1  and  their  respective  h3ralin  inner  layers,  thereby 

aing  a  chain  of  pycnidia  (PI.  43,  C).    The  pyc- 

a  can  hardly  be  said  to  be  embedded  in  a  true 

ma. 

be  pycnidia  on  the  leaves  and  stems  are  lenticu- 

n  shape,  rarely,  or  not  at  all  chambered  (PI.  43, 

fewer  in  number,  and  smaller  than  on  the  pods  ^ 

usually  isolated.    They  vary  in  size  from  197.5  to    ^,^mfL^!de^ 

.0/i»  average  219.0 /i.  fragilesporoi>hofe»with 

«  ««««.•  two    pycnospores    at* 

le  pycnospores  are  borne  on  slender,  hyalm,  sun-       tached.  (a)    sporo- 
onidiophores  (fig.  2,  a),  i>^  to  3  times  the  length       phore»;   (6)   pycno- 
le  pycnospore.    They  are  mostly  oblong  to  f  usoid      ''*^'     ^**' 
2,  b;  3),  hyalin,  i -celled,  usually  straight,  seldom  slightly  curved, 

two  large  oil  droplets.  These  droplets,  sometimes  pressed  to- 
er  in  the  center  of  the  spore,  give  the  appearance  of  a  septum,  a 
Eu^teristic  common  to  the  genus  Phomopsis  and  so  deceptive  that 
casual  glance  one  might  believe  that  a  true  septtun  was  laid  down. 
;  the  spore  is  but  i -celled  can  readily  be  demonstrated  by  clearing 
it  with  a  little  salicylic  add.  The  variation  in  the  size  of 
^&  the  pycnospores  from  various  sources  is  seen  from  the 

^^         following  measurements: 

^  W  From  host. — 6.0  to  8.6  by  2.4  to  4.1  /i,  average  7.5  by 

pkas€ou>-        Stems  of  Melilotus  alba. — 5.6  to  lo.o  by  2.4  to  4.0  fi, 

^J'o?^    average  7.82  by  3.1 1  M. 

B  the  oil        Com  meal. — 5.4  to  8.2  by  2.4  to  3.4  fi,  average  6.49  by 

^lett    and  _ 

in      2.79  M. 


and  shape.        irfsh  potato  Cylinders. — 5.4  to  8.5  by  1.7  to  3.0  fjL,  aver- 
age 6.36  by  2.59  fjL, 
>m-meal  agar. — 5.1  to  8.3  by  2.4  to  3.4  fi,  average  6.78by  2.85  fjL. 
ice. — 5.4  to  8.5  by  2.0  to  3.4  fjL,  average  6.45  by  2.80  m- 

will  be  noted  that  the  spores  are  relatively  large  in  artificial  cul- 
s  on  stems  of  Mdilotus  alba,  and  small  on  cooked  Irish  potato  qyl- 
TS.  This  difference  has  been  found  rather  constant,  and  is  prob- 
'  associated  with  vigor  of  growth.  Of  all  media  tried  stems  of 
alba  were  found  exceedingly  favorable  for  spore  formation,  while 
ced  Irish  potato  cylinders  were  rather  unfavorable. 
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under  natural  conditions  is  considerably  larger  than  those  produced  in  th 
fall  or  in  culture.  Measurements  made  of  the  fall  stylospores  from  tb 
host  vary  from  11.7  to  31.0  m  by  1.4  to  2.0  m»  average  22.83  by  1.73  ; 
while  those  collected  on  February  7.  varied  from  20.6  to  54.4  /i  by  1.3 
to  2.4  /x,  average  32.44  by  2.0  fjL.  They  are  produced  in  culture  on  rio 
com  meal,  Irish  potato  cylinders,  and  stems  of  MelUotus  alba  and  var 
in  length  from  1 1.7  to  54.4  11 
and  in  width  from  1.38  to 
2.4 /*. 

The  function  of  these  bodies 
is  not  known.  Repeated  at- 
tempts have  been  made  to 
germinate  them  but  without 
success.  Reddick  (^9)  has 
suggested  the  possibility  that 
they  were  paraphyses  and 
Saccardo  (ji,  />.  264)  regards 
them  as  conidiophores.  Von 
Hohnd  {23,  p.  526),  described 
a  new  genus,  Myxolibertiella, 
to  include  those  species  hav- 
ing stylospores  and  pycno- 
spores.  He  first  placed  the 
genus  in  the  order  Melanco- 
niales  but  later  in  the  order 
Phomatales.  Bub&k  (2)  and 
Diedicke  (15)  both  regard 
them  as  spores.    The  latter 

mveStigatOr  for  convenience  ^°-  l-J^PorH^  Pkauohrum:  Mature  hyph«.  Note  ti 
,     .  ,        ,  ^,  ,.,  septations.  oil  droplets,  and  granules.    Xsoo. 

designated    the    Phoma-hke 

spores  by  the  Greek  letter  alpha  (a)  and  the  stylospores  by  beta  (j8 
Shear  (j^),  like  Bubdk,  Diedicke,  and  others,  regards  these  bodies  i 
spores  and  designates  them  as  scolecospores. 

There  is  nothing  peculiarly  distinctive  about  the  mycelium.  It 
hyalin,  frequently  branched,  and  septate.  It  varies  considerably  i 
width  and  is  often  supplied  with  enlargements  which  bear  a  slight  r< 
semblance  to  chlamydospores.  When  yoimg  the  cells  are  supplied  wit 
small  protoplasmic  granules.  When  the  hyphae  are  old,  the  cells  ai 
filled  more  or  less  with  oil  globules  or  droplets  (fig.  7). 

ASCOGENOUS  STAGE 

Specimens  of  Lima  beans  consisting  of  stems  and  pods  collected  i 
October,  1914,  and  January  i,  1915,  at  Vineland,  N.  J.,  were  wintere 
out  at  Washington,  D.  C,  and  covered  over  with  dirt  and  leaves.    Thes 
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specimens  were  kept  under  observation  through  the  remainder  of  the 
winter  and  spring  months.  Pycnidia  and  pycnospores  were  found  from 
time  to  time,  as  well  as  an  increasing  number  of  stylospores.  On  June  2 
pods  brought  into  the  laboratory  bore  a  considerable  number  of  mature 
peritheda  of  an  ascomycete,  which  was  identified  as  Diaporthe  phaseo- 
lorum  (C.  and  E.)  Sacc.  The  writer  was  away  for  five  weeks  previous  to 
June  2  so  it  is  not  certain  just  when  the  development  of  perithecia  b^ian, 
and  for  that  reason  it  was  not  possible  to  follow  the  complete  course  of 
development.  The  perithecia  are  scattered  and  buried  beneath  the 
surface,  most  of  the  beak  protruding.  Plate  43,  D  and  F,  shows  dia- 
grammatically  the  arrangement  of  the  perithecia  and  relatively  the 
depth  they  are  sunken  below  the  surface.  Whether  or  not  the  perithecia 
are  all  formed  in  the  cavities  of  old  pycnidia  has  not  been  definitely  (k- 
termined.  The  pycnidia  are  rather  numerous 
and  often  coalesce,  and  as  a  matter  of  chance  a 
perithedum  might  preempt  a  pycnidium  and  be 
formed  therein.  It  is  beUeved,  however,  that 
thb  is  not  the  rule.  The  perithecia  are  not  irr^u- 
lar  in  shape,  as  mig^t  be  expected  if  they  were 
formed  in  old  pycnidia;  but  they  usually  bear  a 
rather  definite  and  constant  form  (PI.  43,  F). 
They  also  have  separate  and  distinct  walls  which 
Fio.  s.'-puiportkt   P^Moio^    differ  from  the  layers  of  the  pycnidium.    In  no 

rum:  (a)  Asci  and  {bj  moo* 

ipores.  xsoo.  casc  havc  the  spores  or  stylospores  ever  been 

found  associated  with  a  perithedum,  although 
these  bodies  were  present  on  the  host  at  the  time. 

The  peritheda  are  slightly  flattened,  158  to  355.5  fjt,  average  251.9  i* 
in  width  and  from  1 10.6  to  205.4  fi,  average  166.5  m  in  depth,  the  beaks, 
many  times  longer  than  wide,  are  usually  curved  or  hooked  (PL  43,  D), 
rarely  straight,  tapering  gradually  to  the  end.  The  perithedum,  drcum- 
scribed  by  a  dark  layer  of  cdls,  is  lined  within  by  a  thin,  hyalin  layer 
from  which  the  asd  arise.  The  perithedum  is  evidently  almost  or 
<x)mpletdy  matured  bdore  the  beak  is  formed.  Plate  43,  D,  shows 
heaks  just  appearing  through  the  epidermis.  Sections  through  peri- 
theda with  beaks  in  the  indpient  stage  show  the  wall  layers  to  be  per- 
fectly formed  and  many  mature  asd  present.  The  asd  (fig.  8,  a)  are 
sessile,  davate  or  fusoid,  28.0  to  46.2  fi  by  5.2  to  8.0  /*,  numerous, 
and  contain  dght  spores  arranged  mostly  biserially.  The  ascospores 
are  apparently  bound  together  or  embedded  in  a  gelatinous  mass,  since 
they  are  firmly  hdd  together  even  after  the  apparent  disappearance  of 
the  ascus  wall.  The  ascospores,  (fig.  8,  6)  measuring  6.4  to  12.0  by  2.3 
to  4.0  Ai»  are  spindle-shaped,  oblong-lanceolate,  i -septate  at  or  near  the 
center,  slightly  or  not  at  all  constricted,  and  contain  two  to  four  oil 
droplets. 
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The  ascospores  germinate  readily  in  most  any  nutrient  medium  in  | 

about  six  to  eight  hours  by  the  development  of  a  single  germ  tube  from  | 

one  or  both  cells  (fig.  9).    The  hjrphae  branch  is  12  to  24  hours,  and  septa  | 

are  laid  down  at  about  the  same  time.    Growth  is  very  rapid.    At  ordi-  | 

nary  room  temperature  a  colony  from  a  single  spore  becomes  visible  | 

to  the  naked  eye  in  about  five  days.    The  ascogenous  stage  has  not  been  R 

produced  in  culture.    The  transfer  of  a  colony  from  a  single  ascospore  \ 

resulted  after  7  to  10  days  in  the  production  of  the  pycnidial  stage  on  | 

the  same  culture  media  on  which  pycnidia  were  developed  by  a  transfer  | 

of  pycnospores  in  the  same  length  of  time.     In  other  words,  there  is  .| 

no  difference  between  the  growth  of  the  ascQgenous  strains  and  pycnidial  \ 

strains  on  the  same  culture  media.  [i 

INOCULATION  EXPERIMENTS  ^ 

The  inoculation  experiments  on  which  the  conclusions  of  the  parasitism 
of  the  organism  have  been  drawn  were  made  in  the  greenhouse.    It  was 
found  that  Lima  beans  grow  normally  and  produce  fruit  as  well  under 
greenhouse  conditions  as  in  the  open  field.    Opportunities 
were  therefore  afforded  to  study  the  parasitism  of  this  dis- 
ease under  controllable  conditions  and  at  any  time  of  the 
year  most  suited  to  the  needs  of  the  work. 

Controls  were  held  with  each  experiment,  the  number 
and  results  of  which  are  shown  in  Table  I  following  a  dis-  pio.  g.^Diapor- 
cussion  of  the  inoculation  experiments.  The  pods  unless  Jtrw/oSJt 
otherwise  stated  were  inoculated  by  inserting  spores  and  ri&ting  asco- 
hyphae  into  a  wound  made  by  a  sterile  needle.  While  ^^^'  *~* 
later  evidence  will  show  that  under  suitable  conditions  infection  may 
take  place  without  wounding,  the  relative  humidity  of  a  greenhouse  is 
usually  so  low  that  spores  smeared  on  the  surface  often  fail  to  germi- 
nate. It  was  necessary,  therefore,  to  protect  the  spores  from  drying  out 
by  inserting  them  under  the  epidermis  or  by  other  means.  In  most 
cases  it  was  impossible  to  protect  the  spores  against  drying,  owing  to 
the  fact  that  when  a  Lima  bean  plant  is  fruiting  abundantly  it  is  gener- 
ally too  large  to  confine  in  an  infection  cage,  though  this  was  done  with 
some  smaller  plants  (see  p.  486). 

All  inoculations  were  made  from  ctdtures  grown  on  stems  of  MeliloHis 
oiba.  The  age  of  the  culture  was  not  considered  or  found  important 
further  than  that  the  culture  should  be  vigorous  and  fruiting  abundantly. 
Spores  were  exuded  from  the  pycnidium  in  about  seven  days  after  the 
culture  was  inoculated  and  continued  to  do  so  for  30  to  40  days  there- 
after or  until  the  culture  was  dried.  Spores  were  well  suited  for  inocu- 
lation purposes  until  the  culture  medium  was  dried  out. 

Inoculations  were  made  with  six  different  strains.  By  a  strain  is  here 
meant  a  difference  in  the  source  and  not  a  difference  in  morphology  or 
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parasitology,  since  all  were  found  to  be  identical  organisms.  For  the 
sake  of  convenience  in  presentation  each  of  the  strains  was  given  a  sepa- 
rate number  as  follows:  Strain  286  was  isolated  on  October  26,  1914, 
from  a  Lima  bean  pod  collected  from  a  small  patch  at  Vineland,  N.  J. 
Stylospores  and  pycnospores  were  abundant.  Strain  420  was  isolated 
from  a  Lima  bean  pod  collected  during  the  fall  of  1914  by  Mr.  M.  B. 
Waite  in  Maryland.  Stylospores,  as  well  as  pycnospores,  were  present 
in  abundance.  Strain  447  was  isolated  from  material  collected  oa 
January  i,  191 5,  from  the  same  field  as  No.  286.  Strain  567  is  a  reisola- 
tion  made  on  April  12,  1915,  from  a  pod  that  had  been  inoculated  in  the 
greenhouse  on  March  13,  1915,  with  strain  447.  Pycnospores  were 
abimdant,  but  there  were  no  stylospores.  Strain  598,  as  previously 
stated,  resulted  from  the  isolation  on  June  4,  1915,  of  a  single  ascospore 
from  a  pod  that  had  been  wintered  out  at  Washington,  D.  C.  Strain 
601  was  isolated  on  August  7,  1915,  from  leaves  of  Lima  beans  collected 
at  Cape  May,  N.  J.,  on  August  5,  1915. 

Other  isolations  of  the  same  organism  not  used  for  inoculation  pur- 
poses have  also  been  made  for  the  purpose  of  identification  and  com- 
parison. Frequent  reisolations  were  made  from  inoculated  pods,  one 
strain  (567)  of  which  was  used  to  make  inoculations.  From  specimens 
inoculated  with  this  strain  the  causal  fungus  was  again  recovered,  thus 
fulfilling  the  requirement  of  Koch's  postulates,  claimed  necessary  to 
prove  parasitism. 

The  first  infection  experiments  were  made  on  January  15,  1915,  when 
20  nearly  mature  pods  on  six  small  plants  were  inoculated,  10  with 
organism  286  and  10  with  organism  420.  After  the  pods  were  inoculated 
by  inserting  spores  and  hyphse,  the  plants  were  sprayed  with  spores 
suspended  in  water.  They  were  then  kept  in  a  paper-covered  infection 
cage  for  24  hours.  On  February  20,  pycnidia  were  abundant  on  the 
stems  and  on  six  pods  inoculated  with  No.  286.  Of  those  inoculated 
with  No.  420,  five  pods  were  dead,  and  pycnidia  were  already  on  four 
and  developed  on  one  more  after  10  days  in  a  moist  chamber.  In  this 
case  there  were  no  leaf  infections,  though  the  stems,  particularly  the 
lower  parts,  were  covered  with  pycnidia,  the  pycnidia  developing  most 
abundantly  on  the  moribund  stems  and  pods. 

On  March  13,  21  small  plants  were  sprayed  with  organism  447.  There 
were  only  three  small,  immature  pods  in  all  and  they  were  inoculated  by 
inserting  spores  and  hyphae.  These  plants  were  inclosed  for  48  hours 
in  paper-covered  infection  cages.  Twelve  da)rs  later  the  three  pods  were 
dr)dng  up,  and  pycnidia  were  present  on  one  and  developed  on  the  two 
others  after  7  dsiys  in  a  moist  chamber.  Here  again  no  leaves  were 
infected,  and  the  pods  did  not  show  typical  infections.  These  results 
were  disappointing  at  the  time,  but  it  was  discovered  later  that  young 
leaves  and  pods  were  difficult  to  infect,  mature  parts  being  much  more 
susceptible  to  the  disease. 
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On  April  9,  1915,  twelve  almost  mature  pods  were  inoculated  by 
inserting  spores  and  hyi^hst  in  the  usual  way  with  organism  447.  The 
plants  were  too  large  to  place  in  the  infection  cage.  Seven  days  later 
the  tissue  for  half  an  inch  or  so  around  the  point  of  infection  was  visibly 
darker.  Three  days  later  some  of  the  pods  were  withering,  and  pycnidia 
b^an  breaking  through  the  epidermis  }4  to  }i  inch  from  the  point  of 
inoculation.  As  long  as  the  pods  remain  firm,  the  pycnidia  form  in 
more  or  less  concentric  rings;  but  concomitant  with  the  withering  of  the 
pods  the  fungus  rapidly  invades  all  the  tissue,  and  pycnidia  break  through 
the  epidermis  indiscriminately  in  a  manner  shown  by  Plate  42,  C.  Eight 
of  these  pods  finally  became  infected.  [^ 

April  20,  nine  half-grown  pods  were  sprayed  with  a  suspension  of  \, 

organism  447  in  sterile  water  and  kept  in  an  infection  cage  for  24  hours.  [ 

These  specimens  were  kept  imder  observation  until  June   2,  but  no  | 

infection  had  taken  place.     It  is  believed  that  the  failure  here  is  again  i 

due  to  the  relative  immaturity  of  the  pods.    These  results  agree  with  I 

those  of  Pool  and  McKay  (27),  who  were  able  to  infect  only  mature  f 

leaves  of  sugar  beets  with  Phoma  betae  (Oud.)  Fr.     Apparently  the  writer  L' 

has  succeeded  in  infecting  young  pods  by  wounding,  but  there  is  reason  " 

for  doubt,  owing  to  the  fact  that  a  small  wound  frequently  results  in  :^ 

serious  injury  and  death  of  the  pod,  in  which  case  the  fungus  quickly  !■ 

invades  it  as  a  saprophyte.     On  April  23,  spores  of  organism  447  were  I 

inserted  in  five  pods,  and  by  June  2  pycnidia  and  spores  were  abundant  h 

on  three  and  a  few  days  later  on  one  more,  one  remaining  sound.  ,| 

On  June  2,  pods  bearing  perithecia  which  contained  mature  asd  were  | 

brought  into  the  laboratory  and  thoroughly  washed  and  disinfected  in 
mercuric  chlorid.  The  perithecia  were  carefully  picked  out  and  macer- 
ated in  sterile  water  in  a  watch  glass.  Twenty-one  nearly  full-grown  it 
pods  were  inoculated  by  inserting  ascospores  and  bits  of  broken  tissue 
into  wounds.  Twelve  days  later  thirteen  pods  showed  unmistakable  [ 
evidence  of  the  disease,  and  by  Jime  21  all  but  four  of  the  pods  were  well 
covered  with  the  fruiting  bodies.  The  writer  does  not  claim  any  proof 
of  the  connection  of  the  conidial  and  perfect  stage  from  this  experiment. 
It  is  included  here  because  it  forms  a  link  in  the  chain  of  experiments 
performed  with  this  organism.  The  results  are  justly  open  to  the  criti- 
cism that  spores  and  h3rphae  of  the  imperfect  stage  may  have  been 
inserted,  and  it  is  not  unlikely  that  such  was  the  case. 

On  June  3,  1915,  fifteen  pods  were  inoculated  in  the  usual  way  with 
organism  567.  By  June  14,  pycnidia  were  abundantly  produced  over 
an  area  an  inch  or  more  in  diameter  on  ten  pods,  and  on  four  others 
by  June  21.    One  pod  alone  remained  sound. 

On  Jime  14,  seventeen  pods  were  inoculated  with  organism  598 
(asQospore  strain).  In  four  days  the  tissue  around  the  wound  on  some 
pods  began  to  darken,  showing  unmistakable  and  characteristic  symptoms 
of  the  disease.    As  the  pods  were  killed  by  the  fungus,  they  were  gathered 
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PERPETUATION  OF  THE  FUNGUS 

The  finding  of  mature  asd  of  this  fungus  on  June  2,  191 5,  and  on  June 
1, 1916,  and  later  on  the  dead  vines  and  pods  wintered  out  at  Washing- 
[>n,  D.  C,  and  on  similar  material  under  field  conditions  at  Vineland,  N.  J., 
t  about  the  same  season  of  the  year  shows  one  way  the  fungus  may  live 
trough  the  winter.  This  method  of  perpetuation  is,  however,  not  the 
oly  one.  At  intervals  from  October  imtil  June  pycnospores  were  f re- 
uently  found,  and  the  fungus  was  isolated  at  will  from  field  material. 
:  is  interesting  to  note  in  this  connection  that  the  pycnospores  were 
roduced  periodically  during  the  winter  season,  depending  upon  weather 
)nditions.  Following  a  period  of  a  few  days  of  relatively  warm,  rainy 
eather,  they  could  nearly  always  be  found  in  more  or  less  abundance. 
Dr  example,  pycnospores  were  found  on  material  examined  on  October 
[,  January  2,  14,  and  21,  February  7,  March  6,  April  14,  and  June  2. 
olations  were  made  on  October  24,  January  2,  February  7,  May  31,  and 
ine  2.  Similar  results  were  obtained  with  Phomopsis  vexans  (Sacc.  and 
rd.)  Harter,  the  pycnospores  of  which  were  found  in  May  and  June  on 
intered-out  material.  However,  the  same  material  examined  in  Decem- 
T,  January,  February,  and  April  bore  no  pycnospores  but  the  stylospores 
>peared  to  be  more  numerous  during  the  spring  months.  The  appear- 
ice  of  pycnospores  was  roughly  coordinated  with  rainfall  and  tempera- 
re,  since  on  May  22,  following  a  period  of  rainy  weather  and  relatively 
gh  temperatures,  they  were  found  in  great  abundance. 
It  is  likely  also  that  the  organism  may  liye  for  a  considerable  time  in 
e  seed.  The  writer  has  isolated  it  in  pure  culture  from  the  interior  of 
)th  seeds  and  pods  after  surface  disinfection  in  mercuric  chlorid.  From 
ese  results  it  is  apparent  that  the  fungus  invades  all  parts  and  it  is  not 
ilikely  that  it  is  carried  f  ron  one  season  to  the  next  on  the  seed.  That 
e  ftmgus  is  not  readily  killed  by  drying  is  evident  from  the  fact  that  it 
as  isolated  from  dried  specimens  kept  in  the  laboratory  for  nine  months. 

would  probably  survive  such  conditions  even  longer.    These  results 

e  supported  by  the  earlier  work  of  Halstead  {iy)j  who  in  1901  called 

tention  to  the  fact  that  the  seeds  were  invaded  by  the  fungus  and  sug- 

isted  the  possibility  that  it  was  carried  through  the  season  by  that 

eans. 

MODE  OF  INFECTION 

It  is  not  alwa3rs  easy  to  explain  how  a  parasite  gains  entrance  into  its 
3st.  It  is  safe  to  conclude  that,  if  a  fungus  is  parasitic,  it  may  enter 
irough  wounds,  it  being  merely  necessary  to  show  that  the  host  is 
ibject  to  wounding  under  natural  conditions.  Other  types  of  penetra- 
ion  as,  for  example,  through  the  unbroken  epidermis  or  by  way  of  the 
tomata  are  not  always  easy  to  demonstrate.  There  is  no  doubt  that 
hysical  factors  such  as  rainfall,  temperature,  humidity,  and  stomatal 
oovement  aU  play  an  important  r61e  in  the  penetration  of  the  epidermis 
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or  stomata  by  certain  parasites.  In  this  connection  it  is  interesting  to 
note  the  results  of  Pool  and  McKlay  (28),  who  have  studied  in  some 
detail  the  relation  of  stomatal  movement  to  infection  with  Cercospora 
beticola  Sacc.  These  investigators  showed  that  the  germ  tubes  entered 
only  when  the  stomata  were  open,  the  movement  of  which  was  closely 
associated  with  a  relatively  high  humidity,  warm  temperature,  and 
light.  Their  results  further  showed  that  mature  leaves  were  more  readily 
infected  and  possessed  a  pore  opening  almost  twice  as  large  as  young 
immature  ones.  The  writer  obtained  similar  results  with  the  Lima  bean 
fungus.  It  was  found,  as  already  pointed  out,  that  young  immature 
pods  were  not  infected  without  wounding  while  mature  pods  could 
easily  be.  This  difference  may  be  due  at  least  in  part  to  the  difference 
in  the  size  of  the  stomatal  aperture  but  more  likely  to  the  fact  that  im- 
mature stomata  do  not  open,  thus  preventing  the  entrance  of  the  hyphae. 
Under  humid  conditions  the  spores  germinate  and  produce  a  gem  tube 


Fio.  lo.'-Diaporthe  pkaseolorum:  Some  at  the  germ  tubes  of  the  pycnospores  penetrating  the  stomata  two 
days  after  the  pods  were  sprayed,  and  other  germinate  spores  lying  alongside  the  stomata  and  gxowmff 
toward  or  away  from  the  aperture.    X  a6o. 

20  or  30  times  the  length  of  the  spore  in  24  to  48  hours.  This  is  rather 
a  feeble  growth  but  the  spores  do  not  germinate  readily  in  water,  and 
then  only  a  small  percentage  at  that.  On  pods  that  had  been  sprayed 
with  a  spore  suspension  in  water  the  germ  tubes  were  found  penetrating 
the  stomata  as  shown  by  figure  10. 

It  is  evidently  a  matter  of  chance  when  a  germ  tube  finds  its  way  into  a 
stoma,  since,  if  there  was  any  attractive  force,  the  germ  tubes  might  be 
^cpected  to  head  that  way,  which  is  apparently  not  the  case.  The  germ 
tubes,  as  often  observed  by  the  writer  and  illustrated  by  figure  10,  grow 
just  as  frequently  alongside  or  away  from  the  stomata  as  toward  them, 
showing  that  there  is  no  appreciable  chemotactic  influence.  Entrance  of 
the  stoma  would  be  easy  so  far  as  relative  size  of  germ  tube  and  stom- 
atal aperature  are  concerned.  In  fact,  it  would  not  be  impossible  and 
it  may  actually  happen  that  the  spores  fall  directly  through  the  pore 
into  the  intercellular  space  beneath.  Measurements  of  the  pores  showed 
them  to  vary  in  length  from  22  to  28  fi  and  in  width  from  5  to  7  /i  when 
open,  the  germ  tube  of  the  spore  in  width  from  2  to  3.5  m,  and  the  spore 
itself  from  6  to  8.6  ^  by  2.4  to  4.1  n.    Considering  the  relative  size  of 
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6  sfomatal  pore  and  the  spore  of  the  fungus,  it  is  quite  reasonable  to 
mceive  of  an  infection  even  during  dry  times,  an  event  which  actually 
«s  sometimes  take  place.  It  must  of  course  be  admitted,  and  the  ob- 
rved  fact  supports  such  a  conclusion,  that  the  number  of  infections  by 
fungus  of  this  type  dtuing  dry  weather  is  relatively  small  compared 
th  those  during  a  period  of  rainfall  or  damp  weather.  Jones,  Giddings, 
d  Lutman  (;?j)  pointed  out  that  moist,  damp  weather  was  conducive 
the  germination  of  the  spores  of  Phyiophthora  infesians  and  made  the 
teresting  observation  that  the  germ  tube  penetrated  the  leaf  of  an 
sh  potato  through  the  epidermis  as  well  as  through  the  stomata. 
nilar  observations  were  made  by  Jones  (24),  who  found  that  the  germ 
be  of  Macrosporium  solani  E.  and  M.  may  penetrate  the  epidermis,  as 
11  as  the  stomata  of  Irish  potatoes.  The  writer  found  no  instance  of 
aetration  of  lima  bean  pods  except  through  the  stomata,  and  Pool 
d  McKay  {28)  make  a  similar  statement  for  Cercaspora  beticda. 
The  inoculation  experiments  already  described  have  shown  that 
ection  takes  place  readily  through  wounds,  perhaps  made  chiefly 

wind,  and  by  means  of  pickers.  In  ordinary  farm  practice  the  pole 
ma  bean  is  usually  trained  up  several  feet  above  the  ground.  Exposed 
us  to  the  wind,  the  vines  are  whipped  around  and  the  pods  wounded 

rubbing  against  the  stems,  poles,  or  wires  on  which  they  are  trained, 
careful  examination  will  readily  show  the  bruised  spots  on  pods  ex- 
sed  to  such  conditions.  Pickers  also,  in  searching  through  the  foliage, 
ly  likewise  brush  or  press  the  immature  pods  against  stems  or  poles, 
Liismg  them  in  a  similar  manner.  The  reddish,  streaked  appearance 
localized  spots  often  observed  on  bean  pods  is  characteristic  of  wounds 
ide  by  constant  brushing  or  rubbing  of  the  pod  against  a  hard  surface, 
is  in  such  areas  that  infections  are  frequently  found. 
The  relation  of  insects  to  infection  has  not  been  studied. 

DISSEMINATION 

The  dissemination  of  the  podblight  of  Lima  beans  must  be  considered 
wn  two  standpoints:  (i)  Over  short  distances,  and  (2)  over  long  dis- 
Qces,  as  from  one  district  or  State  to  another.  As  to  the  first  of  these, 
ere  are  several  ways  in  which  the  spores  may  be  carried  from  plant 
plant  or  from  one  field  to  another.  It  is  not  unlikely  that  insects, 
Aether  they  feed  on  the  pods  or  not,  play  an  important  part  in  the 
stribution  of  the  spores.  During  wet  periods  the  spores  are  exuded 
[)m  the  pycnidium,  and  any  insect  frequenting  the  diseased  pods  is 
edy  to  carry  the  spores  about  on  its  body.  Pickers,  too,  in  searching 
iiough  the  foliage  for  mature  fruit,  are  likely  also  to  distribute  the 
wres  to  unpicked  pods,  where,  under  favorable  conditions,  new  infec- 
ons  win  start.  It  is  interesting  to  note  in  this  connection  that  this 
ad  certain  diseases  of  other  crops  seldom  become  serious  until  about 
ickmg  time.    There  are  two  possible  explanations  for  this.     One  is 
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that  the  host  may  be  more  susceptible  at  this  age;  and  the  other  that 
picking  of  the  fruit,  especially  if  the  foliage  is  wet  with  dew  or  from 
rain,  results  in  a  Uberal  distribution  of  the  spores. 

That  strong  winds  may  be  responsible  for  severe  outbreaks  of  this 
and  other  diseases  is  evident  from  the  fact  that  Cook  (6,  p.  5x7-51^ 
found  a  serious  outbreak  in  a  certain  section  of  New  Jersey  previously 
visited  by  a  severe  windstorm.  It  is,  of  course,  natural  to  condude, 
as  Cook  assumed  and  the  writer  has  frequently  observed,  that  injury 
to  pods  and  foliage  during  such  a  storm  would  add  to  the  chances  of 
infection.  It  is  believed  that  the  part  played  by  the  wind  in  dissemi- 
nating fungus  spores  has  been  very  greatly  underestimated.  It  is  a 
well-known  fact  that  the  pollen  of  pine  trees  is  carried  long  distances. 
Dr.  Albert  Mann,  of  the  Bureau  of  Plant  Industry,  found  ^  a  large 
variety  of  fungus  spores  collected  on  a  gelatin  plate  exposed  for  about 
15  minutes  at  a  distance  of  i  mile  above  the  surface  of  the  earth.  This 
readily  shows  that  spores  are  freely  air-borne  over  long  distances,  and 
this  fact  alone  may  account  for  the  serious  outbreak  of  a  disease  in 
isolated  sections. 

Owing  to  the  fact  that  the  causal  organism  can  readily  be  isolated 
from  the  seed,  it  is  likely  that  this  affords  the  principal  means  of  dis- 
tributing it  over  long  distances.  Fruiting  bodies  have  also  been  found 
on  infected  seed.  This  shows  the  great  necessity  of  saving  seed  only 
from  fields  where  this  disease  does  not  occur. 

CULTURAL  CHARACTERISTICS  OF  THE  FUNGUS 

The  fungus  produces  hyphae  on  nearly  all  of  the  culture  media  in 
ordinary  use.  The  pycnidia,  on  the  other  hand,  are  rarely  produced 
on  agars,  but  freely  on  media  containing  starch,  such  as  rice  or  com 
meal.  A  study  of  the  growth  and  production  of  fruiting  bodies  was 
made  on  the  following  media:  String-bean  agar,  Irish  potato  agar,  beef 
agar,  corn-meal  agar,  cooked  rice,  cooked  com  meal,  potato  cylinders, 
and  stems  of  MeliloUis  alba.  These  media  were  selected  because  they 
are  in  common  use  in  the  laboratory  of  Cotton,  Truck,  and  Forage  Crop 
disease  investigations,  and  because  some  (com  meal  and  rice)  were 
known  to  be  particularly  favorable  for  the  growth  of  other  very  similar 
organisms,  thus  affording  an  opportunity  for  comparison.  Other  media 
might  have  served  the  same  purpose. 

The  experiment  was  carried  out  by  inoculating  five  tubes  (100  c.  c. 
flasks,  in  case  of  com  meal)  with  spores  from  a  lo-day-old  culture  on 
stems  of  Melilotiis  alba.  After  inoculation  the  tubes  were  kept  in  the 
light  and  exposed  to  the  temperature  of  the  laboratory  room  (2i°-25°C.). 

String-bsan  agar. — ^Tliis  on  the  whole  has  been  a  pocx  medium  for  this  fungus. 
Growth  of  hyphae  started  promptly  and  was  visible  in  two  days  in  slanted  tubes  of 

1  Unpublished  daU. 
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the  meditim .  At  the  end  of  9  days  three  dark  bodies,  which  were  at  that  time  thought 
to  be  pycnidia,  and  which  probably  were  sterile  ones»  were  developed.  These  cul- 
tures were  kept  under  observation  for  73  days,  and  no  more  pycnidia  and  no  spores 
were  found. 

Irish  potato  agar. — ^There  was  a  visible  vegetative  growth  in  two  da3rs  which 
continued  to  increase  for  about  one  week.  A  few  scattered  pycnidia  appeared  in  all 
tubes  but  one.  These  were  kept  under  observation  for  73  days,  and  no  spores  or 
stylospores  were  ever  produced. 

Bbbp  agar.— a  rapid  vegetative  growth  during  the  first  seven  days  of  growth. 
Thereafter  the  hyphs  became  fluffy  and  cottony.  No  pycnidia  were  formed  in  any 
of  the  tubes  during  the  whole  course  of  the  experiment. 

CoRN-MBAL  AGAR. — Growth  wss  uot  visible  in  two  days,  but  in  fotu*  da3rs  the 
h3rph£  had  spread  over  an  area  J/^  inch  in  diameter.  In  six  days  dark  specks  appeared 
which  later  developed  into  mature  pycnidia.  At  the  end  of  13  days  the  slimy  white, 
creamy  masses  b^Eui  to  exude  from  the  pycnidia.  These  cultures  were  frequently 
examined  thereafter  for  stylospores,  but  none  were  found  until  after  34  days,  when 
they  appeared  in  great  abundance.  When  stylospores  and  pycnospores  are  both 
prtxluced,  the  former  always  appear  after,  and  never  before,  the  production  of  the 
latter. 

CooK9D  RicB. — Rice  has  proved  to  be  a  good  medium  for  the  growth  of  this  organ- 
ism. Hyphs  were  conspicuous  and  pycnidia  began  to  form  in  4  days.  Prom  that 
time  the  pycnidia  increased  in  number  and  spores  b^^an  to  exude  in  7  da3rs.  A 
heavy,  black  stromatic  mass,  in  which  the  pycnidia  were  embedded,  was  formed. 
As  the  medium  dried  out,  these  stromatic  masses  were  left  as  conspicuous  domelike 
projections  over  the  surface  of  the  medium.  The  pycnoqxues  were  exuded  in  slimy, 
yellowish,  viscid  masses  in  such  quantities  as  to  flow  over  the  top  of  the  stroma  and 
mostly  to  cover  the  surface  of  the  medium.  Stylospores  were  found  sparingly  in  33 
days  and  abundantly  in  34  days. 

CooKBD  CORN  MBAL. — Com  meal  was  found  to  be  one  of  the  best  media  for  this  and 
other  closely  related  fungi,  such  as  Phomopsis  vexotu,  Plenodomus  destruens,  and 
Diaportke  batataUs.  In  5  days  the  hyphse  covered  most  of  the  surface  of  the  com 
meal  in  loo-c.  c.  flasks,  and  pycnidia  began  to  form.  The  pycnidia  were  produced 
in  great  nimibers  in  a  more  or  less  well-developed  stroma  which  bore  characteristics 
similar  to  those  on  rice.  The  small  slimy  droplets  containing  pycnospores  were 
first  noticed  at  the  end  of  13  da3r8.  The  slimy  exudate  increased  in  amount  until 
the  droplets  became  quite  laige  and  flowed  over  the  sides  of  the  stroma,  eventually 
covering  nearly  the  whole  surface  of  the  medium.  The  stroma  and  pycnidia  were 
dark  on  top  and  somewhat  raised  above  the  surface  of  the  medium.  As  the  com  meal 
dried  out,  the  surface  became  more  or  less  crusty  and  rugose.  Stylospores  were  found 
for  the  first  time  at  the  end  of  33  days. 

Potato  cyundbrs. — On  this  medium  abundant  mycelium  was  produced.  A 
cottony,  white  growth  covered  one-third  of  the  potato  slant  in  two  days  and  com- 
pletely in  four  days.  In  five  days  incipient  pycnidia  were  seen  which  later  developed 
into  a  more  or  less  stromatic  mass.  These  masses  were  at  first  whitish  on  top,  but 
later  turned  darker.  In  33  days  pycnospores  were  exuding  slightly,  and  stylospores 
were  present.  At  the  end  of  34  days  the  stylospores  had  become  more  abundant  than 
on  any  other  medium;  the  pycnospores,  on  the  other  hand,  were  relatively  few. 

Stbms  of  mbulotus  alba. — ^lliis  medium,  everything  considered,  is  the  best 
(rf  any  so  far  used .  It  gives  a  maximum  amount  of  spores  with  a  minimiun  of  myceliiun . 
There  were  no  signs  of  growth  in  two  days,  but  in  five  da3rs  numerous  pycnidia  began 
to  form,  and  these  soon  became  conspicuous  as  black  specks  studding  the  surface  of 
the  stems.  The  beaks  were  comparatively  long  and  conspicuous.  In  one  week 
under  optimum  conditions  the  viscid,  creamy  droplets  in  which  the  spores  are  em- 
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tie  on  the  end  of  the  beak.  These  dxoplets  gradually  enlaxgec 
d  the  pycnidium,  coalescing  with  similar  droplets  from  othe 
forming  an  almost  contintious  liquid  covering  of  the  substratum 
ned  on  stems  of  Meliloius  alba.  In  this  particular  experimen 
ormed.  In  other  cultures,  however,  of  the  same  organism  oi 
tylospores  were  found. 

EFFECT  OF  LIGHT  ON  GROWTH 

full  of  the  records  of  experiments  on  the  effect  of  ligh 
^velopment  of  chlorophyll-bearing  plants,  as  well  a 
»e  useless  to  review  all  or  any  considerable  part  of  thes 
is  evident,  however,  from  a  perusal  of  some  of  thes 
no  general,  sweeping  conclusions  can  be  drawn  ths 
agi  alike.  Recent  results,  on  the  other  hand,  show  thi 
ditions  individual  fungi  may  be  expected  to  respon 
ipport  of  this  last  statement,  reference  may  be  mac 
ons  (id),  who  found  that  light  was  a  determining  facU 
I  of  pycnidia  with  Plenodomus  fuscomacvians  (Sacc 
*r  {ig),  on  the  other  hand,  working  with  a  differei 
)mus,  P.  destruens  Harter,  found  that  the  absence  < 
bit  the  production  of  pycnidia.  That  the  absence  \ 
inhibited,  but  did  not  entirely  prevent,  the  productic 
aporthe  batatatisj  was  shown  by  Harter  and  Field  {2. 
nent.  The  writer  has  obtained  similar  results,  as  y( 
other  fungi. 

f  light  on  growth  and  production  of  fruiting  bodies  < 
e  of  Diaporihe  phasedorufn  was  determined  by  inoo 
elilotus  alba  in  test  tubes  and  exposing  one-half  of  tl 
xduding  the  light  from  the  other  tubes  by  wrappii 
»  which  was  found  by  previous  test  to  prqhibit  tl 
The  tubes  were  all  tightly  plugged  with  cotton.  Tl 
\  were  left  exposed,  so  as  to  permit  aeration.  The  tv 
ilaced  on  a  table  in  the  center  of  the  laboratory  roo 
Dservation  for  25  days.  The  cultures  began  to  dry  i 
nd  development  was  accordingly  arrested.  The  tub 
were  examined  for  a  few  minutes  every  few  daj^  f( 
king  notes  and  were  for  that  length  of  time  expose 
lile  this  brief  period  can  not  be  regarded  as  havii 
le  results,  exposure  to  the  light  for  such  a  short  tin 
lave  no  marked  eflfect.  The  growths  of  mycelium : 
e  light  and  those  in  the  dark  were  about  the  same  1 
days,  but  from  that  time  the  mycelial  growth  : 
itively  more  abtmdant  and  more  cottony.  In  tub 
t  other  hand,  there  was,  as  has  always  been,  a  minimu: 
ems  of  Meliloius  alba.    At  the  end  of  six  days  pycnid 
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ere  forming  in  large  numbers  in  aU  tubes  in  the  light  and  in  snu^ller 
umbers  in  all  those  in  the  dark.  The  ratio  between  the  number  of 
ycnidia  formed  in  the  light  and  in  the  dark  remained  nearly  constant, 
le  fruiting  bodies  forming  in  all  tubes,  but  they  were  better  developed 
I  the  light.  In  one  week  spores  began  to  exude  from  the  pycnidia 
Dth  in  the  light  and  in  the  dark.  From  this  time  spores  continued 
)  be  exuded,  but  here  again  the  amount  of  the  exudate  was  relatively 
ss  in  the  dark.  Toward  the  dose  of  the  experiment,  however,  there 
3peared  to  be  a  relative  increase  in  the  exudate  from  the  pycnidia 
rmed  in  tubes  in  the  dark.  But  one  conclusion  can  be  drawn  from 
lese  results,  that  while  the  dark  retards  the  production  of  fruiting 
)dies  and  accelerates  vegetative  growth,  it  is  not  as  marked  as  the 
suits  obtained  with  other  fungi  by  the  writer  and  others. 

INFLUENCE  OF  TEMPERATURE  ON  GROWTH 

To  determine  the  influence  of  temperature  on  growth  12  (No.  2,  3,  5, 
8,  9,  10,  15,  17,  18,  19,  and  20)  of  the  20  chambers  in  an  Altmann 
cubator  were  used.  Tubes  of  cooked  rice  were  inoculated  with  spores 
the  fungus  and  immediately  placed  in  the  chambers,  where  they  were 
jpt  exposed  to  the  respective  temperatures  for  a  period  of  27  days,  at 
le  end  of  which  time  growth  had  practically  stopped.  No  growth  took 
ace  in  chambers  2  (4.1°  C),  3  (6.1°  C),  19  (35.4°  C),  and  20  (38.8°  C), 
id  but  a  sc^t  growth  in  18  (32.9®  C).  The  optimum  growth  was 
und  in  chambers  15  (26.5°  C.)  and  17  (30.5®  C).  The  growth  of  hyphae 
^creased  relatively  with  the  increase  and  decrease  of  the  temperature 
om  these  limits  of  the  optimum.  In  chambers  9  (17.4°  C),  10  (19.4° 
),  15  (26.5°  C),  17  (30.5°  C),  and  18  (32.9°  C.)  stromatic  masses  of 
jeudoparenchymous  tissue  were  produced  which  macroscopically  looked 
ce  pycnidia.  A  careful  examination  of  these  bodies,  however,  showed 
lat,  while  they  bore  some  resemblance  to  pycnidia,  no  cavity  had  been 
roduced  within  them  and  no  pycnospores  were  found.  The  cause  for 
lis  was  later  found  to  be  due  to  a  lack  of  sufficient  aeration,  resulting 
robably  in  a  reduced  oxygen  supply.  A  subsequent  experiment  in 
hich  cultures  of  the  organism  on  cooked  rice  were  exposed  in  a  chamber 
I  which  most  of  the  oxygen  had  been  removed  by  a  mixture  of  pjrrogallic 
dd  and  sodium  hydroxid  showed  that  while  mycelial  growth  continued 
nder  such  conditions  the  production  of  fruiting  bodies  was  inhibited, 
a  addition  to  the  fact  that  the  cultures  in  the  Altmann  chambers  were 
ept  in  the  dark,  the  absence  of  oxygen,  which  in  itself  was  found,  as 
Iready  shown,  to  reduce  somewhat  the  production  of  fruiting  bodies, 
vidently  accounted  for  the  failure  to  produce  pycnidia  in  the  cited  cases. 
The  growth  of  the  podblight  fungus  in  artificial  cultures  is  schematic 
ally  shown  in  figure  11. 


Digitized  by 


Google 


496  Journal  of  Agricultural  Research  vol  xi.  no.  xo 

INFLUENCE  OP  TOXIC  AGENTS  ON  GERMINATION  OP  SPORES 

Perhaps  no  chemical  substance  has  been  more  generally  studied  in  its 
relation  to  the  growth  of  plants  than  copper  salts.  This  is  perhaps  due 
to  its  well-known  eflSdency  as  a  fungicide,  following  the  discovery  of  which 
a  large  amount  of  work  was  undertaken  to  determine  the  concentration 
of  copper  salts  necessary  to  prevent  germination  or  bring  about  the  death 
of  the  spores  of  a  great  variety  of  fungi.  Much  of  this  work  was  done 
with  saprophytes,  and  consequently  has  little  more  than  a  scientific 
interest,  while  the  practical  side  of  the  problem  was  evident  from  the  fact 
that  the  toxicity  to  germinating  spores  of  many  well-known  parasites  was 
established.  Because  of  the  various  uses  that  chemical  substances  may 
be  put  to,  such  as  antiseptics,  disinfectants,  etc.,  the  toxic  action  of  many 
salts,  metals,  and  adds, 

tion,  on  iSowering 
plants  and  fungus 
spores  have  been  ex- 
tensivdy  studied,  and 
as  a  result  an  extensive 
literature  on  the  sub- 
ject has  accumulated. 
As  might  be  expected, 
the  results  have  been 
very  variable  and  often 

Flo.  z  z  .—Diaporiki  pkasniorum:  Gnphk  repreMntatkm  of  growth  on     contradictory.     In  ^en- 
cooked  lioe  at  different  temperaturet.      •  4      «  ««    . 

eral,  however,  all  in- 
vestigations have  shown  that  copper  salts,  among  other  chemical 
substances,  are  exceedingly  toxic  to  all  germinating  spores  and  to  the 
seedlings  of  ^flowering  plants.  Coupin  (ii)  has  shown  by  experiments 
that  I  part  of  copper  sulphate  to  700,000,000  parts  of  water  is  suffi- 
dent  to  retard  the  root  growth  of  wheat  seedlings,  and  the  writer  has 
proved  (18)  that  a  small  amount  of  a  single  alkali  salt,  such  as 
sodium  chlorid,  sodium  carbonate,  and  magnesium  sulphate  in  water 
cultures,  inhibits  the  growth  of  the  same  plant.  Heald  (22)  found 
1/51,200  and  1/25,600  gram-molecule  per  liter  of  copper  sulphate  to  be 
toxic  to  Pisum  sativum  and  Zea  mays,  respectively.  According  to  Moore 
and  Kdlerman  {26)  i  part  of  copper  sulphate  to  500,000  parts  of  water 
killed  Closterium  m^omliferum  in  4  days  and  i  part  of  copper  sulphate  to 
3,000,000  parts  of  water  killed  Anabaena  flos-aqyuB  in  three  days. 
Uroglena  americana  was  even  more  sensitive  and  was  killed  in  16  hours 
in  I  part  of  copper  sulphate  to  10,000,000  parts  of  water. 

These  few  references  show  the  extreme  sensitiveness  of  some  of  the 
flowering  plants  and  some  algae  to  copper  salts,  and  at  the  same  time  the 
variabiUty  in  thdr  resistance.     Although  not  strictly  comparable  with 
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(wering  plants,  because  of  the  different  methods  01  experimentation 
kI  standards  of  measurement,  the  spores  of  fungi  show  equally  great 
riability  and  sensibility  to  copper  salts  and  other  toxic  substances. 
Eulc  (j)  found  that  Pemcillium  glaucum  was  injured  by  copper  sulphate 
a  concentration  someidiere  between  N/2^o4S  and  N/1,024,  while 
;per§iUus  fiavm  would  endure  a  concentration  of  N/^12  to  N/236,  two 
four  times  as  great.  Crandall  {12),  on  the  other  hand,  showed  that 
t  apple  scab  fungus  is  quite  resistant  to  copper  sulphate,  the  spores 
bg  mly  slightly  retarded  in  germinatioa  in  a  solution  of  i  to  100,000, 
die  a  concentration  of  about  i  to  10,000  was  necessary  to  entirely 
svent  germination.  At  this  latter  concentration  some  of  the  common 
Ads,  however,  grew  quite  well.  Temperature  was  found  by  Brooks 
I  to  influence  the  percentage  of  germination  of  the  spores  of  certain 
igi  in  the  same  concentration  of  a  toxic  substance.  By  an  extensive 
ies  of  experiments  he  found  that  PeniciUiwm  glaucum  gave  medium 
mth  in  N/128  copper  sulphate  at  20^  C,  Monilia  frucHgena  did  not 
minate  in  N/16  copper  sulphate  at  25®  to  30®  C,  but  at  15®  C.  12  per 
rt,  at  10°  C.  30  per  cent,  and  at  5®  C.  49  per  cent, 
^o  attempt  has  been  made  to  review  all  the  extensive  literature  on  the 
*ct  of  toxic  substances  on  plant  growth.  The  results  of  the  work  of 
\  different  investigators  are  very  conflicting,  due,  perhaps  in  part  at 
St,  to  the  different  methods  of  experimentation  employed  and  the 
'erent  standards  of  measurement. 

[hiring  the  time  the  podblight  fungus  of  Lima  bean  has  been  under 
estigation  many  interesting  observations  have  been  made  irom  time 
time  on  the  effect  of  certain  chemical  substances  commonly  used  in  the 
oratory  on  the  germination  of  the  spores.  The  use  of  a  solution  of 
rcuric  chlorid  for  disinfecting  field  specimens  preparatory  to  isolating 
fungus  led  to  a  study  of  the  strength  of  this  solution  necessary  to  kill 
:  spores  in  a  given  time.  A  similar  study  was  made  with  formaldehyde 
ause  of  its  possible  use  in  disinfecting  infected  seed,  and  with  copper 
phate,  a  wdl-known  constituent  of  Bordeaux  mixture,  sometime  rec- 
mended  as  a  spray  in  controlling  the  disease  in  the  field. 

METHOD  OP  BXPERIMENTATION 

Preliminary  experiments  showed  that  the  use  of  Van  Tieghem  cells 
determine  the  toxic  limit  for  the  germination  of  the  spores  was  ex- 
dingly  unreliable  and  was  consequently  abandoned.  Although  this 
thod  has  been  generally  used,  it  is  likely  that  many  of  the  conflicting 
tilts  may  be  attributed  to  it.  In  fact,  the  writer  found  that  each 
t  in  Van  Ti^hem  cells  might  be  expected  to  give  different  results, 
fbably  owing  to  the  variation  in  vapor  pressure  or  to  some  slight 
ident  overlooked,  unexpected,  and  unaccounted  for.  After  con- 
ering  the  different  methods  that  might  be  used,  the  writer  concluded 
23716**— 17 4 
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Tablb  II. — The  results  of  exposing  Pycnospores  of  Diaporihe  phaseolorum  to  different 
strengths  qf  mercuric  chloria,  copper  sulphaie^  arid  formaldehyde  for  different  lengths  of 
time 


Time  of 

Copper  sulphate. 

Fomuddefayde. 

Mercuric  chlorid. 

exposure 

NI12.S 

NI31.25 

NI62.S 

z:ioo 

1:250 

1:500 

A7/J5 

Nlt,3S0 

Nli^Too 

NUfiso 

MirnUts. 

1 

2 

4 
6 

«IOO 

35 
5 

100 
6S 
55 
«5 
15 
10 

5 

2 

100 
90 

75 

0 

85 

30 

0 

100 
100 

85 

10 

0 

0 
0 

0 

0 

50 
0 

100 

100 

75 

50 

0 

8 

75 

10 

12 

45 

14 
16 

20 

18 

20 

a 

o  In  this  and  corresponding  columns  are  given  the  percentage  of  gemiinatkii  as  estimated  at  the  close  of 
the  experiment.  Water  controls  were  made  in  every  case  in  whidi  the  gennination  was  arbitrarily  placed 
•tzoopercent.  These  plates,  together  with  those  poured  from  a  i  minute  exposure,  served  as  controls  for 
comparison  in  estimating  percentages  of  germination. 

Reference  to  the  table  will  show  that  the  spores'  were  nearly  all  killed 
in  four  minutes  in  a  N/12,3  copper-sulphate  solution,  and  in  14  minutes 
in  a  N 1 31,23,  and  in  20  minutes  in  a  N/62,3  solution.     It  is  interesting 
to  compare  these  results  with  those  of  Clark  (j),  who  found  that  the 
spores  of  several  fungi  exposed  in  a  copper-sulphate  solution  were  killed 
or  injured  as  follows:  Aspergillus  flavus  (?)  Link  N/4  and  greatly  injured 
in  N/236,  Sterigmatocystis  niger  Von  Tieghem  N/8  and  greatly  injured  in 
Nli28,  Oedocephalum  albidum  Sacc.  N/64  and  greatly  injured  at  N/236, 
Botrytis  vulgaris  Fr.  greatly  injured  at  N/128,  and  Penicillium  glaucum 
link  N/i  and  greatly  injured  at  N/236,    As  will  be  seen,  there  is  a  wide 
diflFerence  between  the  strength  of  the  solution  necessary  to  kill  and  that 
required  to  injure  greatly  the  spores.    The  writer  found  that  none  of  the 
spores  exposed  for  one  minute  to  a  solution  of  mercuric  chlorid  at  a  con- 
centration of  N/is3  and  N/ 1,330  would  germinate,  and  that  only  50  per 
cent  germinated  when  exposed  for  the  same  length  of  time  in  a  concen- 
tration of  N/3,700,    At  the  greater  dilution,  N/4,030,  50  per  cent  germi- 
nated after  an  exposure  for  six  minutes.    Clark  {3)  found  that  spores  of 
A.  favus,  S,  niger,  P.  glaucum  were  killed  in  a  N/ 4,096  mercuric  chlorid, 
0,  albidum  in  a  N/ 16,384,  and  B,  vulgaris  in  a  N/6 3,336,    The  spores  of 
these  fungi  were  killed  in  the  solutions  of  the  toxic  substance  more  dilute 
than  that  required  to  kill  the  pycnospores  of  Diaporihe  phaseolarum,  but 
they  were  likewise  subjected  to  the  solution  for  a  longer   time.     In 
another  work  Clark  (^)  has  shown  that  Rhizopus  nigricaris  was  killed  in 
75  seconds  in  a  solution  of  mercuric  chlorid  i  to  3,700. 
Fonnaldehyde  was  found  to  be  very  toxic  to  the  spores,  only  10  per 

^*nt  germinating  after  a  six-minute  exposure  in  a  i-to-500  solution,  and 
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SUMMARY 

(i)  The  podblight  of  Lima  beans  is  probably  indigenous  to  the  United 
States. 

(2)  It  was  first  recognized  by  Halsted  in  New  Jersey  in  1891,  and  has 
smce  been  found  in  the  States  of  A^rginia,  Maryland,  Connecticut,  and 
North  Carolina. 

(3)  The  disease  forms  circular  brown  spots  on  the  leaves,  and  large 
unsightly  spots  on  the  nearly  mature  pods  and  on  the  stems.  Numerous 
pycnidia  are  produced  in  the  diseased  areas. 

(4)  The  loss,  which  in  some  fields  is  very  large,  is  confined  mostly  to 
the  pods. 

(5)  The  Lima  bean  podblight  fungus  has  been  known  as  Phoma 
subcvrcinaia  £.  and  £.  almost  since  its  first  discovery,  although  in  a  few 
cases  it  has  been  referred  to  as  a  species  of  Phyllosticta. 

(6)  The  writer  isolated  single  ascospores  of  a  Diaporthe  found  on 
^>edmens  wintered  out  and  made  inoculations  with  pure  cultures  of 
such  strains  which  produced  a  disease  identical  with  that  produced  by 
moculations  with  pure  cultures  of  a  pycnospore  strain.  In  1 892  Diaporthe 
phaseolorum  w^s  completely  described,  which  agrees  vnth  the  ascogenous 
fungus  the  writer  has  been  stud3ring.  The  fungus  causing  the  disease 
is  therefore  referred  to  as  Diaporthe  phaseolorum  (C.  and  E.)  Sacc. 

(7)  The  hyphae  course  through  and  among  the  parench3rmous  cells 
of  the  pody  forming  pycnidia  just  tmder  the  epidermis  at  points  where 
the  bast  cells  are  more  or  less  separated. 

(8)  Stylospores  are  abundantly  found  on  field  material  and  readily 
produced  in  culture  on  some  media.  The  pycnospore  stage  belongs  to 
the  form  genus  Phomopsis  and  not  to  Phoma. 

(9)  The  disease  is  readily  produced  by  artificial  inoculation  with  spores 
from  both  the  pycnidial  and  ascogenous  strains. 

(10)  Wounding  of  the  pod  is  not  necessary  for  infection,  as  the  germ 
tubes  may  enter  through  the  stomata. 

(i  i)  The  fungus  is  carried  through  from  one  season  to  the  next,  either 
by  periodic  production  of  pycnospores  and  the  persistence  of  hyphae  or 
by  the  production  of  an  aiscospore  stage. 

(12)  The  disease  may  be  carried  on  the  seed  and  spread  by  such 
agencies  as  wind,  by  the  process  of  picking,  and  possibly  by  means  of 
insects. 

(13)  The  fungus  fruits  well  on  stems  of  Melilofus  alba,  on  rice,  com 
meal,  and  other  starch  media,  and  but  poorly  or  not  at  all  on  the  agars 
tried  with  the  exception  of  corn-meal  agar. 

(14)  Cultures  in  the  dark  fruited  more  slowly  than  those  in  the  light 
and  had  increased  v^;etative  growth. 

(15)  No  growth  takes  place  at  a  temperature  below  6.1^  nor  higher 
than  35.40  C.  during  a  period  of  27  days. 
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PLATE  43 
Diaporthe  phaseolorum: 

A. — ^A  vertical  section  through  a  pycnidium  from  the  leaf.     X 130. 

B. — A  -vertical  section  through  a  pycnidium  from  a  pod  showing  the  beak  and  the 
thickened  dark  wall  surrounding  it.  Note  also  conidiophoresariang  from  hyalin  inner 
ayer.    Some  spores  are  attached.     X130. 

C — A  -vertical  section  throuj^  the  epidermis  and  tmderlying  host  of  a  portion  of  a 
diseased  pod  showing  the  connection  and  chambering  of  the  pycnidia.     X65. 

D. — ^A  somewhat  diagrammatic  drawing  of  a  portion  of  the  surface  of  a  Lima  bean 
pod,  showing  the  distribution  of  the  perithecia,  the  shape  of  the  beaks  and  their  pro- 
jection from  the  surface.  The  beaks  of  two  peritheda  may  be  seen  just  breaking 
through  the  epidermis.    Xx6. 

B. — A  surface  view  of  a  portion  of  a  bean  pod  sihowing  arrangement  of  the  pycnidia 
and  fusicm  of  the  beaks.    X65. 

F. — ^A  vertical  section  through  a  perithedum  from  a  pod.  Note  the  dark  wall 
surrounding  the  perithecium  in  whidi  the  asci  are  inclosed;  also  the  portion  of  the 
beak  buried  below  the  surface  of  the  pod.  The  outer  end  of  the  beak  has  been  cut 
away.     X130. 
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TESTS  OF  A  LARGE-SIZED  REINFORCED-CONCRETE 
SLAB  SUBJECTED  TO  ECCENTRIC  CONCENTRATEE 
LOADS 

3y  A.  T.  GoLDBECK,  Engineer  of  Tests,  and  H.  S.  Fairbank,  Highway  Engineer 
Office  of  Public  Roads  and  Rural  Engineering ,  United  States  Department  of  Agriculture 

INTRODUCTION 

During  the  post  five  years  a  series  of  tests  to  determine  the  distributioi 
i  stress  in  reinforced-concrete  slabs  carrjdng  concentrated  loads  has 
>een  made  by  the  Ofi&ce  of  Public  Roads  and  Rural  Engineering.  The 
labs  included  in  the  series  have  varied  from  3  to  i6  feet  in  span,  anc 

to  32  feet  in  width;  and  as  a  result  of  the  tests  much  information  has 
een  collected,  practically  all  of  which  has  been  published  at  varioui 
bmes.*     (i,  2,  3,  4,  6.)* 

In  all  of  these  tests  the  concentrated  load  has  been  applied  to  the 
enter  of  the  slab»  and  sufficient  data  have  been  gathered  to  indicate 
^e  manner  and  extent  of  stress  distribution  in  slabs  loaded  in  this 
lanner.  In  general,  it  may  be  said  that  the  stress  varies  from  a  maxi- 
Lum  immediately  under  the  load  to  a  minimum  at  the  extreme  edges 
he  information  as  to  the  extent  of  the  distribution  has  been  made  avail 
ble  for  use  in  the  rectangular-beam  theory  of  design  by  the  determina- 
on  of  a  value  known  as  the  "effective  width,"  which,  when  substituted 
>t  the  width  b  in  the  formulas,  will  lead  to  the  design  of  slabs  of  dimen- 
ons  conforming  to  those  shown  by  the  tests  to  be  necessary.  This 
alue  is  represented  by  that  width  of  slab  over  which,  if  the  stress  were 
mstant  and  equal  to  the  maximum  stress  tmder  actual  conditions,  the 
^sting  moment  would  equal  the  resisting  moment  of  a  slab  of  the  same 
epth  and  full  width  in  which  the  stress  is  naturally  distributed.  It  has 
een  brought  out  in  the  previous  papers  that  this  effective  width  varies 
ith  the  total  width  and  span,  the  relation  being  approximately  as 
tpressed  in  the  table  following. 

>  GOLDBSCK.  A.  T.     T8STS  OP  RSINVORCSD  CONCRSTS  SLABS  UNDBR  CONCCNTRATBD  LOADING.     In  Amer 

K.  Testing  Materials.  Proc.,  v.  13,  p.  858-873.  xo  fig.    1913. 

TH8  INTLUBNCB  09  TOTAL  WIDTH  ON  THB  BfPBCTIVB  WIDTH  OV  RSINVORCBD-CONCRBTB  SLAB1 

rBjBCTBD  TO  CBNTRAL  CONCBNTRATBD  LOADING.    In  Amer.  Concrete  Inst.,  Proc.  v.  13,  p.  78-88,  X3  fig 
17. 

and  Smith,  B.  B.    tbsts  of  largb  rsinporcbd  concrbtb  slabs.    In  Amer.  Concrete  Inst 

roc..  V.  xa,  p.  324-333,  7  fig.    19x6. 

TBSTS  Ot  THRBB  LARGB-SIZBD  RKINFORCBD-CONCRBTB  SLABS  UNDBR  CONCBNTRATBD  LOAD 

G.     In  Jour.  Agr.  Research,  v.  6.  no.  6,  p.  205-234,  28  fig.,  pi.  26.    19x6. 

McCoRMicK.  E.  B.    TBST  OP  A  RBINFORC8D  CONCRBTB  SLAB.    In  Amer.  Concrete  Inst.  Proc.,  v.  xi,  p 

»5-3Q4.  8  fig.    Discussion,  p.  2or-204.    1915. 
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dth-f-spMi 


Bllective  width-i^IMui 

a  I 

2 

28 

37 

44 

50 

S5 

58 

62 

65 


Total  width-i>spfta 


Bffective  width-KtpBii 

o.  67 

68 

70 

71 

72 

7* 

7« 

7» 

7a 

7» 


:  tests  indicate  that  the  above  values  can  be  used  for  spans  up  to 
±,  and  they  probably  can  be  used  for  longer  spans,  although  no 
'  spans  were  tested. 

¥ever,  these  conclusions  were  drawn  from  the  tests  of  slabs  under 
illy  applied  concentrated  loads  only;  and  to  make  them  property 
able  to  the  design  of  bridge  slabs,  which  constantly  are  called  upon 
;hstand  concentrated  loads  applied  near  the  parapet,  it  was  reoog- 
that  the  effect  of  eccentricity  of  loading  must  be  determined, 
ii  this  end  in  view,  another  large-sized  reinforced-concrete  slab 
^en  constructed  and  tested  recently  at  the  Arlington  Experimental 
of  the  United  States  Department  of  Agriculture,  and  it  is  the 
;  of  this  paper  to  present  the  results  of  the  test. 

DESCRIPTION  OF  THE  SPECIMEN 

I  Specimen  was  made  of  machine-mixed  concrete  in  the  proportions 
^art  of  Portland  cement  to  2  parts  of  Potomac  River  sand  and  4 
of  Potomac  River  gravel.  The  sand  was  a  good  grade  for  use  in 
ite  and  the  gravd  was  dean,  well-graded,  and  free  from  weak 
3S.  A  rather  wet  mix  was  used,  and  the  mixing  and  fdadng  were 
by  experienced  labotem  at  the  Arlington  Farm.  As  in  the  case  of 
lier  slabs  tested,  there  was  no  attempt  to  make  the  concrete  any 

than  it  would  be  made  in  the  field,  but  efforts  were  directed  to 
\  work  thoroughly  representative  of  that  which  might  be  obtained 

field  conditions. 

\  slab,  which  was  built  in  place  and  supported  by  concrete  abut- 

t,  was  32  feet  in  width,  and  16  feet  in  span.    Its  total  thickness 

4  inches,  and  its  effective  thickness  13  inches.    It  was  reinforced, 

:  longitudinal  direction  only,  with  K-inch  plain  square  rods,  spaced 

iches  apart,  the  sectional  area  of  the  steel  being  0.75  per  cent  of  that 

I  concrete  above  its  center  of  gravity. 

&r  the  concrete  was  poured  and  while  it  still  was  soft,  rows  of  bolts 

set  in  the  top  surface  of  the  slab,  which,  when  withdrawn  a  few 

ater,  left  holes  for  the  insertion  of  the  plugs  and  feathers  to  be  used 

[itting  off  sections  of  the  slab  as  the  test  progressed. 
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To  provide  definite  points  between  which  defonnatkm  readings  might 
be  taken,  short  brass  plugs,  drilled  at  one  end  with  a  No.  55  drill,  were 
cemented  in  holes  drilled  for  the  purpose  in  the  concrete,  and  similar 
No.  55  drill  hdes  were  made  in  bared  sections  of  selected  reinforcing 
nods.  At  points  where  it  was  planned  to  take  deflection  measurements 
steel  plates  were  set  in  plaster  of  Paris  on  top  of  the  slab.  The  locations 
rf  these  deformation  and  deflection  points  are  shown  graphically  in 
igure  I. 


I 1 — ! — r — p — li  i  li^  I  li — n — n — I — 1 


^A%=^ 


.   L 


•J.         • 


J- 


4-4 — il- 


Mi 


J    \ 


42' 


"tuillMr^ 


k->*"U-   46--H-34V-+ 4*'4+i^4'^''^" 


99*     «' 


I— rJ-l-4 


36"  -\^  41'  —I-  iO'-^  30'  4—  42'  - 


FFRF 


I 

JJ  ■!  il   ... 


ft««f  3«fp*r 


M4' 

-J6' 


'-M—46'-M-S^ 


I     ! 


3»*  — 


Pio.  z.— Dlacnon  of  slab  A-as.  showing  location  of  deformation  and  deflection  points. 
METHOD  OF  TESTING 

Loads  were  applied  over  an  8-inch  bearing  block  by  means  of  a  hydrau- 
c  jack  motmted  between  the  slab  and  a  specially  calibrated  chrome- 
ickel  beam,  the  deflection  of  which,  observed  with  the  aid  of  an  Ames 
ial,  provided  a  means  of  measuring  the  load.  This  apparatus  has  been 
escribed  in  detail  in  previously  published  papers. 

Extensometer  readings  were  made,  between  the  points  in  both  con- 
rete  and  steel,  with  a  20-inch  Berry  strain  gauge.  Deflection  measure- 
lents  also  were  taken  over  the  steel  plates  by  means  of  a  special  appar- 
tus  designed  for  measuring  the  wear  of  concrete  roads.* 

The  slab  was  tested  first  with  the  load  applied  in  the  center  of  the  full 
ndth  of  32  feet.  Afterward  successive  sections  were  split  off  one  side, 
oaking  the  width  of  the  slab  29, 25, 22,  and  finally,  18.5  feet.  As  theactual 
K>sition  of  the  load  remained  unchanged,  its  position  with  respect  to 

^  G0XJ)DECK,  A.  T.     APPARATUS  FOR  MBASURINO  THB  WBAR  OF  CONCRBTB  ROADS.     In  JOUT.  AgT.  R^ 

earcli.  v.  5,  uo.  ao,  p.  9si*-954,  i  fiff..  pi.  66.    1916. 
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the  slab  width  was  thus  rendered  increasingly  eccentric.  The  posidon 
of  greatest  eccentricity  was  reached  at  the  width  of  18.5  feet,  in  which 
case  the  load  was  applied  at  a  point  16  feet  from  one  edge  and  only  2.5 
feet  from  the  other.  Corresponding  sections  were  then  split  oflF  the 
other  side  of  the  slab,  reducing  the  width  to  15.5,  11.5,  8.5,  and  5  feet, 
respectively,  the  point  of  application  of  the  load  remaining  2.5  feet  from 
one  edge.  During  this  stage  of  the  experiment  the  degree  of  eccentric- 
ity of  the  load  was  reduced  with  each  section  split  off  until  finally  m 
the  5-foot  width  the  load  was  again  applied  in  the  center.  In  figure 
I  the  planes  along  which  the  slab  was  split  are  indicated  by  heavy 
dashed  lines. 

Complete  sets  of  deformation  and  deflection  readings  were  made  on 
each  width  of  slab,  the  repeated  use  of  the  slab  cut  to  various  widths 
being  made  possible  by  the  fact  that  the  load  applied  at  no  time  stressed 
the  specimen  beyond  its  working  stresses. 

As  will  be  noted  by  reference  to  figure  i ,  the  concrete  and  steel  deforma- 
tion points  and  the  deflection  plates  were  spaced  along  the  middle  section 
of  the  slab  parallel  to  the  supports.  As  this  is  the  dangerous  section  of  a 
slab  under  such  loading,  the  measurements  taken  represent  the  maximum 
deformation  and  deflection  for  the  loads  used  at  the  various  transverse 
distances  from  the  point  of  application.  The  measurements  have  been 
plotted  to  scale,  as  the  ordinates  of  curves,  whose  abscissae  are  the  dis- 
tances between  the  points  of  measurements,  and  the  results  are  shown 
in  figures  2  to  10,  inclusive. 

RESULTS  OF  THE  TESTS 

As  in  the  tests  of  centraUy  loaded  slabs  previously  made,  the  curves 
of  deformation  of  concrete  and  steel  have  been  used  to  determine  values  of 
the  **  effective  width  "  of  the  slab  for  the  various  total  widths  and  positions 
of  load.  This  is  done  by  measuring  the  areas  of  the  curves  with  a  polar 
planimeter  and  dividing  these  areas  by  the  maximum  ordinates,  the  results 
in  each  case  being  the  value  of  the  effective  width  corresponding  to  the 
particular  width  of  slab  and  position  of  load. 

These  values  are  shown  on  the  respective  curves.  This  method  is 
based  on  the  assumptions  that  the  straight-line  theory  of  fiber-stress 
distribution  is  applicable  to  slabs,  and  that  the  observed  deformations 
are  proportional  to  the  extreme  fiber  stresses  in  the  concrete  and  steel, 
though  it  is  realized  that  for  various  reasons  it  is  impossible  to  translate 
the  deformations  into  fiber  stresses. 

The  relation  between  the  computed  effective  vddth  and  the  total 
width  for  the  several  widths  of  the  single  slab  tested  is  shown  by  the 
solid-line  curve  in  figure  11.  As  will  be  noted,  it  is  conservatively 
drawn  through  the  lower  edge  of  the  belt  of  points  derived  from  the 
concrete  and  steel  deformation  readings.     It  shows  that  the  effective 
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Flo.  s.— Central  load  dcfonnatioii  and  dc6ectioa  curves  of  slab  A-as.    Slab  width,  3s  feet. 
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P».  4.— EcccgtricioiddddnnatkD  Md  deflection  cnnrcs  ol  slab  A-as.    Slab  width,  as  feet. 
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P&r.6w--Boomtik  load  ddocmirtkmaiid  deflection  corrci  of  ilftbA-ts.    6lid>  width.  18.5  feeL 


lfa=^.^^ 


Digitized  by  CjOOQ IC 


Digitized  by 


Google 


3.  Z9X7     Tests  of  a  Large-Sized  Reinforced-Concreie  Slab  515 


fto.  8.— Boocntric  load  defonmitioo  and  deflectkn  curvet  ol  abb  A-85.   Slab  width,  zz.5  feet 
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Flo.  10.— Genual  load  ddonnatkn  and  deBcction  curves  ol  slab  Arts,    Slab  width,  s  feet. 
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width  of  the  slab  i6  feet  in  span  and  32  feet  in 
applied  concentrated  load  was  11. 2  feet,  and 
unaltered  when  one  edge  was  split  off,  redu 
cessively  to  29,  25,  and  22  feet,  although  for 
eccentrically  applied.  When,  however,  the  U 
18.5  feet,  it  will  be  observed  that  the  effective 
a  lower  value,  which  was  only  slightly  reduce 
from  the  other  edge,  so  as  to  reduce  the  total  ^ 
feet,  respectively.    Finally,  when  the  width 
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Fig.  XX.— Cunre  showing  effective  width  v. 

which  case  the  load  again  was  applied  at  the 
in  the  value  of  the  effective  width  is  indicated. 
The  curves  superimposed  on  the  curve  of  ( 
what  seems  to  be  a  logical  interpretation  c 
shape  of  the  curve.  The  regular  dash-line  cur 
of  the  effective  width  for  various  total  widths  ( 
to  a  concentrated  central  load.  It  is  based 
the  foregoing  table,  showing  the  variation  o 
loaded  in  that  manner.  The  dotted-line  curve 
tion  that  the  effective  width  of  an  eccentricall 
to  that  (&c)  of  a  centrally  loaded  slab  of  the  s 
distance  from  the  load  to  the  nearer  edge  (C 


Digitized  by 


Google 


Dee.  3.  X9I7     Tests  of  a  Large-Sized  Reinforced-Cancrete  Slab  519 

the  e£Fective  width  of  the  oentrally  loaded  slab,  but  that  when  D  is 

reduced  to  less  than  —  the  corresponding  value  of  (fce)— -— +Z?.    The 

etpproximate  coincidence  of  this  curve  with  that  of  the  test  values 
wovid  seem  to  confirm  the  truth  of  the  assumed  relation.  Unfortu- 
nately, however,  the  results  can  not  be  regarded  as  entirely  conclusive, 
[ming  to  the  fact  that  the  recent  test  involved  only  one  span  length 
md  yielded  only  two  points  on  the  critical  part  of  the  curve  between 
the  total  widths  of  18  and  22  feet.  It  is  hoped  that  this  point  will  be 
Jeared  up  by  further  tests. 

CONCLUSIONS   AFFECTING   THE    DESIGN    OF   SLABS 

To  provide  against  the  frequently  realized  condition  of  a  heavy  con- 
xntrated  load  applied  near  the  parapet,  the  test  conclusively  shows 
Lhat  the  resisting  moment  required  in  the  portion  of  a  bridge  dab  near 
the  outer  edges  is  greater  than  that  which  is  necessary  in  the  central 
yortUm. 

Further  than  this,  if  the  relation  indicated  above  be  verified  and 
ihown  to  include  other  span  lengths,  it  would  seem  that  in  designing  a 
lab  the  necessary  allowance  for  the  concentrated  load  near  the  outer 
tdge  can  be  made  very  simple  in  the  following  manner: 

(i)  Use  the  formulas  for  narrow  rectangular  beams,  substituting 
or  the  breadth  (ft)  the  value  obtained  from  the  foregoing  table  for 
xntral  concentrated  loads;  (2)  determine  the  loss  in  effective  width 
iue  to  the  assumed  eccentricity  of  the  load;  and  (3)  supply  the  defi- 
iency  by  designing  the  curb  of  the  parapet  to  provide  a  resisting  moment 
^al  to  that  of  a  slab  of  width  equal  to  the  loss  in  effective  width  due 
to  eccentricity,  making  allowance  for  the  greater  stiffness  of  the  section 
ander  the  parapet.  Thus,  suppose  a  slab  of  16-foot  span  and  20-foot 
width  is  to  be  designed  to  carry  a  concentrated  load  of  20,000  pounds 
ipplied  at  a  point  4  feet  from  one  edge,  then 

Total  width     20 
Span         16 

[rom  the  table  for  central  concentrated  loading,  the  effective  width  «  0.69  X 
16  feet»  1 1.04  feet.  Consider  the  load  of  20,000  pounds  to  be  carried  by 
a  width  of  11.04  feet,  use  the  ordinary  formulae  for  rectangular-beam 
design  and  determine  the  effective  depth  of  the  slab  and  the  area  of 
steel  required.  Now,  by  the  relation  indicated  above,  determine  the 
effective  width  with  the  load  in  the  critical  position  4  feet  from  one 
edge,  then 

(6e)=iL244.4„5.52+4«9.52  feet 

2 

the  difference  between  the  values  of  be  and  be  is  11.04—9:52  =  1.52  feet. 
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Therefore,  the  curb  of  the  parapet  i 
have  a  resisting  moment  equal  to  tha 
making  allowance  for  the  greater  stifl 
In  constructing  slabs  designed  in 
that  the  curb  of  the  parapet  must  fa 
slab  has  taken  initial  set. 
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TEMPERATURES  OF  THE  CRANBERRY  REGIONS  OF 

THE  UNITED  STATES  IN  RELATION  TO  THE 

GROWTH  OF  CERTAIN  FUNGI 

By  Nbil  E.  Stbvbns, 

Pathologist,  FruH-Diseast  Investigations,  Bureau  of  Plant  Industry, 

United  States  Department  of  Agriculture 

INTRODUCTION 

In  his  Studies  of  the  diseases  of  the  cranberry  (Oxycoccus  macrocarpus) 
Shear  (sy  pointed  out  that  losses  from  fungus  diseases  are  most 
serious  in  the  southern  sections  of  its  area  of  cultivation,  being  greatest 
in  New  Jersey  and  decreasing  northward  through  Long  Island  and  Massa- 
chusetts. He  further  suggested  that  climatic  concUtions,  particularly 
the  longer  hot  summer,  are  chiefly  responsible  for  the  greater  amount  of 
disease  in  the  southern  localities. 

As  a  basis  for  a  more  accurate  study  of  this  relation,  the  writer  has 
undertaken  to  compare  the  temperature  of  these  regions  quantitatively. 
For  this  purpose  a  Weather  Bureau  observation  station  supposed  to  be 
fairly  representative  of  the  region  has  been  chosen  for  each  of  the  three 
chief  cranberry-growing  sections:  Middleboro,  Massachusetts  (elevation 
53  feet),  Indian  Mills,  New  Jersey  (76  feet),  and  Grand  Rapids,  Wis- 
consin (1,021  feet).  It  is  of  course  recognized  that  various  localities  in 
each  region  differ  more  or  less  widely,  but  these  stations  probably  repre- 
sent fairly  well  the  difference  in  the  three  areas. 

In  addition  to  these  representative  stations,  two  others.  North  Head, 
Washington  (elevation  211  feet),  and  Farmington,  Maine  (450  feet),  are 
included,  the  former  because  it  is  close  to  the  cranberry  bogs  now  being 
developed  in  the  Pacific  coast  region,  the  latter  because  it  is  the  nearest 
station  to  a  bog  in  Madrid,  Maine,  which  is  of  interest  as  having  perhaps 
the  shortest  and  coolest  summer  of  any  commercial  bog  in  the  easter 
United  States.' 

RAINFALL  IN  CRANBERRY  REGIONS 

The  relation  of  rainfall  to  the  growth  of  the  cultivated  cranberry  and 
its  fungus  parasites  is  probably  not  very  direct.  The  cranberry  grows 
on  bog  land  where  the  water  table  is  close  to  the  surface,  and,  when  culti- 
vated, the  land  is  drained  and  subjected  to  artificial  flooding.  Even  for 
parasitic  fungi  the  frequent  heavy  fogs,  especially  on  the  Pacific  coast, 
and  the  abundant  dews  are  probably  as  important  as  rainfall.    The 

>  Reference  is  made  by  munber  (italic)  to  "Literature  dted,"  p.  539- 

t  Tli^  *WatiOB  5rf  tbW  h^  if.  •*TO"<<«f  *'*  "^^  Ttwth^t^uv,  maAnittgrnf  thg  SmnAy  Ri^gf  —"^  Rmnyrfgy 
Iiikcs  R.  IL.  about  750  feet. 

Journal  of  Agricuhnral  Research.  Vol.  XI.  No.  10 

Wadmicton,  D.  C.  Dec.  3 .  191 7 

kv  Key  Na  G-xa7 

(5") 


Digitized  by 


Google 


522 


JoupuU  of  Agricultural  Research 


VoLXI,Nan 


curves  of  monthly  rainfall^  (fig.  i)  indicate,  however,  that  the  prodinta- 
tion  of  the  four  eastern  localities  is  ^milar  during  the  growing  season, 
with  the  exception  of  the  heavier  August  rainfall  in  New  Jersey,  while 
that  of  North  Head,  Wash.,  belongs  to  a  quite  different  type. 

LENGTH  OP  PROSTLESS  SEASON 

aost  green  plants  the  temperatures  of  greatest  importance  are 
curring  between  the  last  killing  frost  in  spring  and  the  first  killing 
autumn.  For  the  cranberry  under  cultivation  the  length  of  the 
season  is  to  some  extent  artificially  regulated,  sometimes  by 
the  water  late  in  the  spring,  often  by  flooding  to  avcnd  early 
autumn. 


Ur/y.  /^A  /ter /fgr  ^y  Jam^^u/y  ^£^  Sw  Oct.  Ahy.  i>ee. 


^picfa,  M^/s. 


of  the  monthly  rainfall  durinff  19x6  at  Middleboro,  Maaa.,  PannmctcMi.  He.. 
Indian  Milla,  N.  J..  North  Head.  Wash.,  and  Grand  Rapids.  Wis. 

verage  length  of  f rostless  season  probably  furnishes,  however,  the 
liable  indicator  of  the  length  of  growing  season  for  the  cranberry 
sed  as  a  basis  of  calculation  in  the  present  study.  As  given  by 
,  the  average  length  of  the  f rostless  season  for  these  areas  is  as 

TablB  I. — Length  of  f rostless  season  in  cranberry  regions 


Locality. 


ipids,  Wis. 

3n,  Me 

to,  Mass. . 
ills,  N.J. 
ad,  Wash. 


Averace 
date  of 
Jastkillmg 
frost  in 
spring. 


May  20 
May  20 
Apr.  20 
Apr.  20 
Feb.    9 


Average 
date  of 
first  killing 
frost  in 
autumn. 


Sept.  20 
Sept.  20 
Oct.  20 
Oct.  20 
Dec.  22 


Average 
length  of 

ings 


Days. 


123 
123 
183 
183 
314 


I  on  the  monthly  normal  rainfall  and  temperature  and  the  length  of  frostless  season  were  Idndly 
iiir.  P.  C.  Day.  Chief  of  the  Chmatological  Division  of  the  Weather  Bureau. 
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DAILY  NORMAL  TEMPERATURES 

The  daily  normal  temperature  and  precipitation  for  a  tonsiderable 
number  of  stations  in  the  United  States  have  been  made  available  by  the 
work  of  Bigelow  (2).  Of  the  five  stations  used  in  the  present  study,  how- 
ever, only  North  Head  is  included.  In  computing  the  normal  daily  tem- 
perature for  the  remaining  stations,  the  method  used  was  that  outlined 
by  Bigelow  (2, />.j). 

Figure  2  shows  the  monthly  normal  mean  temperatures  for  the  five 
stations.  North  Head  differs  markedly  from  the  others  in  having  a  much 
more  even  temperature  throughout  the  year,  while  Grand  Rapids,  Wis., 
and  Farmington,  Me.,  show  a  greater  difference  between  the  summer  and 
winter  temperatures  than  do  Middleboro,  Mass.,  or  Indian  Mills,  N.  J. 


^a«An-uLjy»^y^  J    V*^^    ^^  ^^"^  "^^    '^^  ^*^^  •^^'^^  '^^'  ^^ 

wl'  Oct  /hy.l>ec 

yo 

A 

—..^ 

€0 

J 

u 

r 

z*    J. 

N 

^0 

^ 

M 

*"^ 

AfortA //«^</,  MKm*/».       , 
^0 

^ 

d 

r 

% 

M^/\mr»  Mi/i*,       A^.e/.       ^ 

A 

7 

^0 

y 

\ 

rr::^ 

\ 

Gr^rKf /^^mW^,  ^'^V^' 

Flo.  t.~dtrvcs  of  the  monthly  normal  mean  temperature  dming  19x6  at  Middleboro,  Mass..  Fannington, 
Me..  Indian  Milb.  N.  J..  North  Head.  Wash.,  and  Grand  Rapids.  Wis. 

TEMPERATURE  EFFICIENCY 

In  order  to  evaluate  the  temperature  of  a  region  with  regard  to  its 
effectiveness  for  plant  growth,  both  the  height  and  duration  of  favorable 
temperatures  must  be  considered.  In  the  absence  of  exact  data  as  to  the 
temperature  relations  of  a  given  species,  and  where  daily  mean  temper- 
atures are  available,  a  simple  summation  of  daily  means  probably  gives 
as  satisfactory  an  index  of  temperature  efficiency  in  our  climate  as  our 
present  knowledge  permits.  Briefly,  the  method  is  as  follows:  A  certain 
minimum  temperature  is  assumed  as  a  starting  point  and  the  amount 
added  to  the  summation  each  day  is  the  difference  between  this  assumed 
minimum  and  the  number  which  represents  the  mean  temperature  for 
that  day.  The  minimum  is  sometimes  the  freezing  point;  but  often  a 
somewhat  higher  temperature. 

Obviously  this  method  of  estimating  temperature  efficiency  is  far  from 
ideal.  The  daily  mean  temperature  obtained  by  averaging  the  observed 
maximum  and  minimum  probably  does  not  exactly  represent  the  heat 
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available  on  that  day.  Neither  are  the  daily  normal  temperatures  ob- 
tained by  ^igelow's  method  {2)  accurate  indexes  of  temperature.  They 
are,  however,  the  best  approximations  available,  and,  as  the  writer  has 
elsewhere  stated,  if  progress  is  soon  to  be  made  in  tmderstanding  the 
logy  of  plant  diseases,  a  serious  effort  should  be  made  to  utilize 
latic  data  now  at  hand. 

mmation  of  remainders  as  a  method  of  estimating  temperature 
:y  is  open  to  serious  criticism  on  theoretical  grounds,  and  other 
is  of  integrating  temperature  have  been  suggested  by  Livingston 
or  temperate  climates  it  is  not  apparent  that  either  of  these  is 
superior  to  a  summation  of  remainder  indexes.  In  a  recent 
he  writer  (9)  has  compared  the  growth  of  Endothia  parasiHca  in 
localities  with  the  temperature  computed  by  the  methods  of 
3logical  summation  indexes,"  "Exponential  summation  indexes," 
Lemainder  summation  indexes.''  In  that  case  at  least,  the  last 
gave  results  fully  as  satisfactory  as  the  others.  McLean  (7) 
ed  the  two  last-named  methods  of  temperature  sunmiation  in 
ion  with  a  study  of  climatic  conditions  in  Maryland  and  found 
e  two  methods  agreed  in  showing  a  clear  relation  between  tern- 
e  and  plant  growth  at  the  stations  used,  but  he  states  that — 
nee  was  wrcmght  out  as  distinctly  in  favor  of  either  of  the  two  methods. 

TEMPERATURE  RELATIONS  OF  CRANBERRY  FUNGI 

fungi  known  to  be  important  causes  of  f ruitrots  of  the  cranberry 
en  selected  as  types:  Glomerella  cingtdaia  (Stonem.)  S.  and  v.  S., 
at  during  certain  seasons  in  New  Jersey  and  on  early  varieties 
achusetts,  and  Fusicoccum  ptUrefadens  Shear,  which  occurs  com- 
n  Wisconsin  and  Massachusetts,  especially  on  late  varieties,  but 
s  comparatively  rare  in  New  Jersey.  The  temperature  relations 
t  fungi  as  indicated  by  their  growth  on  com-meal-agar  plates 
ien  tested  in  the  constant-temperature  apparatus  described  by 
and  Cooley  (j)  and  are  given  in  Table  II.  The  figures  given  are 
ises  averages  of  the  results  of  several  tests. 

^B  II. — Average  growth  of  fungi  on  com-meal-agar  plates  for  is-day  periods 


Tempenittire. 

Growth  of 
GlonureUa 
dneulata. 

Gnrirthof 

CMfU. 

•c. 

Cm. 

8.0 

5.8 
2.9 

1. 0 

0 
0 

Cm. 

4-0 
3-3 

•4 
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The  rate  of  growth  of  both  fungi  increases  with  rise  of  temperature  up 
o  at  least  25^  C,  but  their  minimum  temperatures  are  very  different, 
^usicoccum  putrefaciens  growing  somewhat  even  at  o*^  C,  while  the  mini- 
Qum  temperature  for  the  growth  of  Gtomerella  dngidata  is  apparently  not 
Eu-  from  8®  C.  The  results  obtained  with  G,  cingulata  from  cranberry  agree 
Eurly  well  with  those  obtained  by  Ames  (i)  for  this  fungus  on  bean  agar, 
nd  by  Brooks  and  Cooley  (j)  for  the  same  organism  on  apple.  Edger- 
on  (5)  in  his  studies  does  not  give  minimum  temperatures,  but  the  maxi- 
lum  for  most  of  the  strains  of  Glomerella  used  by  him  is  well  above  25^  C. 

The  temperature  relations  of  a  number  of  other  fungi  causing  f ruitrots 
f  cranberries^  has  been  determined  by  their  growth  on  com-meal-agar 
lates  in  an  ice  thermostat.  While  the  temperatures  of  this  apparatus 
rere  not  absolutely  constant  and  the  results  obtained  are  therefore  not 
trictly  comparable  to  those  given  in  Table  II,  they  furnish  a  satisfactory 
idication  of  the  temperature  relations  of  these  fungi. 

ABLB  III. — Average  growth  (in  c^nHmeUrs)  cf  fungi  on  com-mial'-^gar  plaUsfor  is-day 

Periods 


ApproarittMttc  tem- 
perature. 


Guiftiuutiie. 


rynchos. 


Phomoptis. 


PcttAloEsia. 


Sportmcnu . 


Pflkmmsp, 


5 

> 

5 

> 


3« 

2.3 

X.6 

.8 

a  o 

ao 


1-7 

I.  o 

•5 
a  o 
a  o 
ao 


5- a 

4.5 

9. 1 

.  I 

a  o 

a  o 


(15.0) 
7  cm.  in  7 
days. 

9+ 


7 

a- 5 

.  2 

ao 


6.5+ 

3-7 

a- 5 
1-5 
5 


? 


(aa-  5) 
9  cm.  m  6 

days. 
(17}  9  in  8 
days. 
9+ 


None  of  these  rot-produdng  fungi  grew  at  i*^C.;  Pestalozzia  and 
poronema  gave  some  growth  at  5®;  and  all  except  Acanthorynchus 
rew  somewhat  at  10^.  This  last-named  fungus,  which  has  the  highest 
linimum  temperature  of  any  cranberry  fungus  tested,  has  also  the  highest 
laximum,  growing  somewhat  even  at  34®  C. 


TEMPERATURE  INDEXES 

The  temperature  efficiency  of  the  five  localities  was  calculated  sepa- 
ately  for  the  two  fungi,  with  the  minimum  temperature  for  growth  on 
om-meal  agar  as  zero  points — that  is,  47^  P.  for  Glomerella  cingulata  and 
^^  for  Fusicoccum  putrefaciens.  On  this  basis  the  remainder  summa- 
ion  indexes  are  as  follows  (Table  IV). 

^  ABfimgiiacd  in  these  tiBBiperftture  tests  were  isotetcd  from  rotten  cranberries  dii^^ 
f  1916  by  Mr.  Bert  A.  Rndolph,  of  the  Biatent  of  Pknt  Industry.    In  nuoiy  cmcs  calturcs  of  a  specits 
ram  several  different  loralitifs  were  oompared  without  findim  any  differences  in  temperature  relations. 
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TablB  IV. — Temperature  indexes 


Ifocattty. 


Glom4r^U  cnnf»UtUi. 


Futicoccum  pttir^ot 


Index. 


Percent. 


Index. 


Percent. 


index  far 
to  that  far 


Grand  Rapids,  Wis. 
Fannington,  Me. .. 
Middleboio,  Mass. . 
Indian  Mills,  N.  J. 
North  Head,  Wash. 


a,  371 
2,027 

a,  555 
4,600 
1,896 


SI 

44 

56 

zoo 

41 


4,ai6 
3*872 
5.3rs 
6,360 
6,067 


66 
6z 

83 
zoo 

95 


as6 

.31 


In  calculating  percentages  for  purposes  of  comparison  the  largest 
indexes,  those  at  Indian  Mills,  have  been  considered  100  in  all  cases. 

COMPARISON  OF  EASTERN  LOCALITIES 

On  comparing  the  three  eastern  stations  it  is  apparent  that  the  effective 
temperature  for  the  growth  of  Gomerella  cingulata  in  New  Jersey  is  nearly 
twice  that  at  Middleboro,  and  more  than  twice  that  at  Farmington. 
Temperature  differences  alone  would  therefore  indicate  a  very  much 
greater  growth  of  ftmgi  having  the  temperature  relations  of  G. 
cingulata  in  New  Jersey.  This  difference  might  not  result  disad- 
vantageously  if  the  greater  amotmt  of  heat  could  be  utilized  by  the 
cranberry.  This,  however,  does  not  appear  to  be  the  case.  In  fact,  it  is 
probable  that,  as  suggested  by  Shear  (<^),  the  higher  summer  temperatures 
in  New  Jersey  are  an  actual  disadvantage  to  the  cranberry.  Certainly 
the  stmmier  temperatures  at  Middleboro  are  sufficient  for  the  production 
of  good  crops  of  cfranberries  and  the  abundant  growth  of  vines.  Good 
crops  of  cranberries  of  excellent  quality  are  regularly  produced  in  New 
Jersey.  This,  however,  may  be  due  to  the  fact  that  careful  cultural 
methods  and  thorough  spraying  more  than  overcome  the  disadvantaged 
a  slightly  unfavorable  climate. 

For  Fusicoccum  putrefaciens  the  difference  in  the  three  localities  is  not  so 
great,  the  temperature  efficiency  in  New  Jersey  being  less  than  20  per 
cent  greater  than  that  at  Middleboro.  On  the  basis  of  temperaturealone 
one  might  expect  endrot  (caused  by  F.  puirefadens)  to  be  slightly  more 
abundant  in  New  Jersey.  Apparently,  however,  it  is  much  more 
abundant  in  Massachusetts.  The  writer  believes  that  this  is  due  to  a 
greater  freedom  from  competition. 

That  these  two  fungi  and  doubtless  others  do  compete,  even  within  a 
single  berry,  is  clearly  shown  by  observations  made  in  the  fall  of  1916. 
Cranberries  of  the  Early  Black  variety  taken  from  a  bog  in  Warefaam, 
Mass.,  were  used  in  temperature  experiments.  The  few  berries  which 
rotted  at  temperatures  of  5^  and  o^  C.  yielded  chiefly  Fusicoccum  puke- 
faciens,  while  those  at  higher  temperattures,  15®  to  25*^,  yielded  chiefly 
dotnerella  cingulaia.    The  crop  of  Early  Blacks  from  this  bog  showed 
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iring  the  first  half  of  September,  a  considerable  portion  of  rotten 
rries  which  had  yielded  chiefiy  G.  cingulaia.  Apparently  at  tempera- 
res  favoring  its  growth  the  more  rapidly  growing  G.  cingulaia  had 
6cured  the  F.  ptUrefaciens,  Cranberries  of  the  same  variety  but  of 
perior  keeping  quality  from  another  bog  showed  a  somewhat  similar 
lation.  Of  the  berries  which  rotted  at  0°  and  10°  C.  over  90  per  cent 
dded  only  F.  putrefaciens.  Of  those  rotting  at  20°  C.  about  30  per 
at  yielded  only  F.  putrefaciens,  while  the  remainder  showed  ftmgi 
longing  to  five  different  genera. 

That  this  may  happen  on  a  large  scale  seems  to  the  writer  to  be  indi- 
ted by  the  relations  of  the  two  fungi  in  Massachusetts,  where  Fusi- 
xum  putrefaciens,  though  known  to  occur  on  the  early  varieties,  is 
pedally  common  as  a  storage-rot  of  late  berries,  making  the  greater 
rfof  its  gro¥rth  at 
nperatures  well  be- 
N  the  optimum  for 
B  growth  of  such 
ngi  as  Glotnerella  cin- 
lata.  It  must  not  be 
pposed  that  the  com- 
tition  is  solely  or 
en  perhaps  chiefly 
tween  these  two 
agi.  The  relations 
list  be  very  much 
3re  complex  than 
is  and  may  be  f  ur- 
er  confused  by  the  susceptibility  of  some  varieties  of  cranberries  to 
rtain  fungi.  These  fimgi  are,  however,  taken  as  representative  of 
Serent  classes,  within  each  of  which  there  is  great  variation  and 
idoubtedly  competition.  The  fifth  column  in  Table  IV  gives  the  ratio 
itween  the  index  for  G.  cingulaia  and  that  for  F.  putrefaciens  at  the 
fferent  stations,  the  index  for  the  latter  being  considered  unity  in  each 
se.  These  ratios,  which  are  shown  graphically  in  fig.  3,  may  be  taken 
I  represent  in  a  rough  way  the  relative  amounts  of  heat  available  for 
le  two  fungi  in  each  locaUty  and  indicate  to  some  extent  the  relative 
nount  of  competition  to  which  F.  putrefaciens  is  subjected.  Where  this 
do  is  high,  as  in  New  Jersey,  fungi  having  temperature  relations  similar 
)  G.  cingvlata  predominate.  Where  it  is  low,  as  in  Wisconsin  and 
iassachusetts,  F.  putrefaciens  apparently  becomes  more  abundant. 

WISCONSIN  AREA 

The  temperature  eflSdency  index  of  Grand  Rapids,  Wis.,  is  between 
liose  of  the  two  New  England  stations,  and  during  the  growing  season 
te  rainfall  of  the  three  localities  is  similar.  One  would  then  expect  the 
ongus  diseases  common  in  the  Massachusetts  cranberry  region  to  be 
ound  also  in  Wisconsin,  and  this  is  generally  the  case. 
23716*»— 17 6 
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PACIFIC   COAST    REGION 

As  indicated  by  Table  IV,  the  effective  temperattire  for  Fusicoccum 
puirefaciens  at  North  Head,  Wash.,  is  very  much  greater  than  that  at 
Middkboro,  Mass.,  and  only  slightly  less  than  that  at  Indian  Mills,  N.  J., 
while  the  effective  temperature  for  Qotn^re^  ctn^u/oto  is  less  even  than 
than  that  in  Maine.  The  ratio  of  temperature  indices  of  the  two  fun^ 
is  accordingly  much  lower  than  that  at  any  of  the  other  stations. 

As  still  further  emphasizing  the  difference  in  this  r^on  as  r^ards 
temperature,  it  should  be  noted  that  daily  normal  temperatures  above 
47°  F.  occur  at  North  Head  from  April  15  to  November  15,  while  the 
lowest  normal  temperature  for  the  year  is  41°,  and  this  is  reached  only 
for  six  days.  So  far  as  temperature  is  omoeraed,  then,  fungi  havii^ 
the  temperature  relations  of  Fusicoccum  puirefaciens  could  grow  through- 
out the  year. 

The  absence  of  high  temperatures,  combined  with  the  long  period  of 
moderate  or  low  temperatures,  would  indicate  the  suppressi<m  of  fm^ 
with  relatively  high  temperature  requirements  and  the  correspondingly 
greater  abundance  of  fungi  with  lower  temperature  requirements.  On 
this  basis  one  would  be  tempted  to  predict  that  when  the  cranberry 
industry  becomes  widely  developed  in  the  Puget  Sound  r^on  there 
will  be  an  increasing  abundance  of  fungi,  known  chiefly  from  the  north- 
em  portion  of  the  present  area  of  cranberry  cultivation,  possibly  even 
the  occurrence  in  epidemic  amounts  of  fungi  occasional  or  even  rare  in 
northern  New  England.  Whether  such  predictions  as  to  the  develo(h 
ment  of  fungi  in  the  coastal  region  are  justified  or  not,  and  even  though 
the  relation  may  be  affected  by  growing  different  varieties  in  the  several 
localities,  it  seems  certain  that  the  problem  of  fungus  control  will  be 
quite  different  on  the  Pacific  coast  than  in  the  eastern  United  States. 

CONCLUSIONS 

(i)  The  principal  areas  in  the  United  States  within  which  the  cran- 
berry is  grown  commercially  have  more  or  less  widely  different  climates. 
-  (2)  This  difference  appears  not  only  in  the  rainfall,  length  of  growing 
season,  and  daily  normal  temperatures  of  these  regions,  but  in  their 
temperature  efficiency,  as  indicated  by  a  summation  of  daily  mean 
ten4)eratures. 

(3)  The  fungi  known  to  cause  decay  of  cranberry  fruits  vary  greatly 
in  their  temperature  relations,  as  shown  by  their  growth  in  puce  culture 
on  artificial  media. 

(4)  In  general,  the  rate  of  growth  of  these  fungi  is  reduced  by  low 
temperature,  and  most  of  them  are  unable  to  grow  below  5®  C,  but 
Fusicoccum  puirefaciens^  the  cause  of  endrot,  is  able  to  grow  even  at 
o*^  C. 
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(5)  The  fungus  diseases  of  the  cranberry  have,  in  general,  proved  the 
most  serious  and  destructive  in  regions  with  long  growing  seasons, 
combined  with  high  summer  temperatures.  This  applies  particularly 
to  the  diseases  caused  by  domerella  cingulata,  Gmgnardia  vaccinii, 
and  other  fungi  having  similar  temperature  relations. 

(6)  Certain  other  cranberry  fungi,  notably  Fusicoccwn  puirefaciens, 
are,  on  the  contrary,  more  abtmdant  in  regions  which  have  only  short 
periods  of  high  temperature — that  is,  periods  having  daily  mean  tem- 
peratures of  60°  F.,  or  above. 
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MOVEMENT  OF  SOLUBLE  SALTS  THROUGH  SOILS 

By  M.  M.  McCooi*,  Professor  of  Soils,  and  L.  C.  WhBETing,  Instructor  in  Soils,  Michi- 
gan Agricultural  Experiment  Station 

INTRODUCTION 

That  there  is  a  tendency  for  soluble  materials  to  be  distributed  from 
r^ons  of  high  to  those  of  lower  concentration  in  moist  soils  is  to  be 
expected  from  our  knowledge  of  the  phenomenon  of  diffusion.  More- 
over, it  is  generally  recognized  that  the  translocation  is  affected  by 
moisture.  One  of  us  (McCool),  while  conducting  soil  cultural  studies, 
has  repeatedly  observed  that  certain  soluble  salts  when  added  to  soils 
soon  accumulate  at  or  near  the  surface  unless  loss  of  water  by  evaporation 
is  prevented.  Moreover,  it  has  recently  been  shown  in  our  laboratories 
that  the  actual  concentration  of  the  soil  solution  induced  by  the  addition 
of  single  salts  required  to  inhibit  the  growth  of  higher  plants,  as  well  as 
to  retard  certain  bacteriological  activities  in  the  soil,  varies  appreciably 
with  different  soils,  which,  of  course,  is  to  be  predicted  when  we  take 
cognizance  of  the  exchange  of  bases  that  may  result  when  salts  are  added 
to  the  soil,  as  reported  by  numerous  investigators.  Thus,  during  the  pro- 
gress of  our  researches  on  the  concentration  of  the  soil  solution  and 
related  subjects  several  questions  with  respect  to  the  movement  of 
soluble  salts  in  soils,  as  well  as  changes  in  the  composition  of  the  soil 
solution  resulting  from  the  addition  of  various  substances,  have  arisen. 
Although  reports  concerning  certain  phases  of  the  subject  have  been 
obtained,  a  critical  examination  of  available  literature  has  led  to  the 
condudon  that  additional  well-controlled  experiments  tmder  both 
laboratory  and  field  conditions  are  desirable.  On  account  of  the  funda- 
mental importance  of  this  subject,  the  present  status  of  the  researches 
bearing  upon  it,  and  certain  improved  methods,  it  is  being  exhaustively 
investigated  in  our  laboratories,  as  well  as  under  field  condition^.  In 
this  report,  however,  are  presented  results  of  some  of  our  laboratory 
studies  of  the  translocation  of  certain  salts  when  added  in  varying 
amounts  to  soils  of  different  texture  and  water  contents,  together  with 
changes  induced  in  the  composition  of  the  soil  solution. 
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REVIEW  OF  UTERATUBE 

Mflntz  and  Gaudechon/  several  years  ago  conducted  extensive  ex- 
periments to  determine  the  extent  of  the  movement  of  sodium  nitrate 
and,  potassium  chlorid  in  soils,  losses  of  water  by  evaporation  bdng 
prevented.  When  crystals  of  sodium  nitrate  or  potassium  chlorid  were 
placed  in  a  light  silidous  soil  of  low  water  content,  the  soil  containing 
the  salt  crystals  gradually  became  moist  at  the  expense  of  the  surround- 
ing  soil.  After  eight  days  the  changes  in  the  water  content  of  the  soil 
receiving  sodium  nitrate  were  fotmd  to  be  as  follows: 

Effect  of  salt  on  water  movement  in  the  soil 

Ptfoent 

Water  content  of  soil  when  placed  in  container 3.  a 

Water  content  of  soil  containing  a  salt  after  8  days 7. 3 

Water  content  of  sturounding  soil  after  8  days 2. 6 

Moreover,  seed  were  placed  in  the  salted  layer  of  soil  and  also  in  the 
surrotmding  mass.  Germination  was  retarded  in  the  one  region  by  the 
high  concentration  of  the  soil  solution,  and  in  the  other  by  lack  of  moist- 
ure. These  authors  maintain  that  when  salt  is  added  to  a  homogeneous 
mass  of  soil  two  systems  result :  One  in  which  the  vapor  pressure  is  high 
and  the  other  in  which  it  is  lower.  As  a  result  distillation  of  water  takes 
place  from  the  one  to  the  other. 

Analyses  of  samples  of  the  soil  taken  at  different  distances  from  the 
point  of  application  of  the  salts  revealed  that  the  movement  of  the  same 
was  negligible,  even  after  15  days.  In  another  experiment  a  garden 
soil  which  contained  i7>^  per  cent  of  water,  spoken  of  as  being  quite 
moist,  was  also  used  as  the  medium.  Under  these  conditions  the  dis- 
tillation of  water  vapor  did  not  take  place;  neither  was  the  movement 
of  the  salts  detected,  20  nun.  from  the  point  in  which  they  were  placed 
in  the  soil  mass. 

The  extent  of  the  vertical  movement  was  determined  by  half  filling 
a  box  40  cm.  high  and  1 1  cm.  thick  with  light  soil  containing  16  per  cent 
of  water,  depositing  5  gm.  of  sodium  nitrate,  and  then  filling  the  box 
with  the  soil.  The  loss  of  water  by  evaporation  was  prevented.  After 
three  days  samples  were  taken  and  the  nitrate  content  was  determined. 
Movement  of  the  salt  had  not  proceeded  through  a  distance  of  40  mm. 
Similar  results  were  obtained  with  a  soil  somewhat  more  moist  where 
determinations  of  the  nitrate  content  were  made  six  days  after  the 
experiment  was  set  up. 

Two  glazed  pots  were  filled  with  a  sandy  day  soU;  one  was  gently, 
and  the  other  heavily,  compacted.  Two  gm.  of  powdered  potasaum 
chlorid  were  placed  in  the  center  of  each,  15  mm.  below  the  surface. 
Movement  of  the  salt  was  found  to  have  taken  place  to  a  slightly  greater 

>  MOntz.  and  Gaudschon.  H.    ds  la  topussion  dbs  bnokais  sauns  dans  la  TSbmb.    !n  Aan.  So. 
Agron..  s.  3.  amv'  4,  t.  z.  no.  5,  p.  379-4111 30  fig.  1909. 
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days.  Between  August  25  and  October  25,  5.45  inches  of  rain  fell.  On 
October  25  samples  of  soil  were  taken  at  10  cm.  intervals  from  the 
surface  to  100  cm.  in  depth.  The  nitrates  were  fotmd  to  have  been 
returned  to  lower  levels  by  the  rain  water,  but  on  the  whole  they  were 
nearer  the  surface  at  the  end  of  the  period  than  they  were  at  the 
beginning,  the  total  rainfall  amounting  to  7.92  inches.  These  authors 
point  out  that  nitrates  would  bring  better  results  in  many  cases  if  they 
were  turned  under  or  applied  very  early  in  the  season. 

They  *  later  continued  the  field  experiments  and  studied  the  move- 
ments of  nitrates  in  the  soil  by  sampling  and  determining  the  nitrates 
present,  and  also  by  employing  the  sugar  beet  as  the  indicator.  The 
previous  field  experiments  were  confirmed.  The  deep  application  of  the 
nitrates  afforded  higher  yields  of  beets  than  if  they  were  placed  nearer 
the  surface. 

Demolon  and  Brouet  *  consider  that  the  mode  of  application  of  fertil- 
izers should  vary  with  the  nature  of  the  soil  and  with  the  cultural  methods 

in  vogue.  In  some 
cases  part  of  the 
material  should 
be  applied  in  the 
autumn  and  the 
remainder  in   the 


Fio.z.—Ai>pantu9ttsed  in  studyincUienuifvement  of  salts  through  sotb.  -?     ^    .      •    . 

seed  bed  is  being 
prepared,  and  in  others  surface  applications  are  desirable,  and  in  still  others 
plowing  under  is  best.  They  maintain  that  salts  have  a  general  ten- 
dency to  remain  at  the  surface  of  the  soil,  rather  large  amounts  of  rain 
being  required  to  carry  nitrates  into  the  subsoil. 

There  are  on  record  results  of  numerous  studies  of  the  translocation 
of  salts  in  soils  induced  by  percolating  water.  Sharp'  having  made  re- 
cent contributions.  Jensen*  has  also  shown  that  the  solubiKty  of  cer- 
tain inorganic  constituents  of  the  soil  mass  are  increased  by  the  presence 
of  decaying  organic  matter;  but,  inasmuch  as  these  do  not  bear  directly 
upon  our  preliminary  investigations,  they  are  not  considered  at  this  time. 

EXPERIMENTAL  RESULTS 

Usually  brass  tubes  lyi  inches  in  diameter  were  employed  as  the 
containers  in  stud3dng  the  movement  of  soluble  salts  in  the  soil,  but 
in  some  of  the  early  series  glass  cylinders  8  inches  in  length  and  2  inches 

>  Haupsaux,  If.,  and  I»s«ort.  O.  la,  cntCDLAXiOM  dbs  nixkatiis  daks  ia  aohi  hSUR  mods  d'skhxH' 
in  Ann.  Sd.  Agran..  s.  4,  ann.  a.  t.  a.  no.  6.  p.  705-736,  a  fig.    19x3. 

*  DSMounr,  A.,  and  Broubt,  O.  saw.  la  pftNATKAiicM  dss  bnokais  aowmiMs  dans  us  sols.  M 
Ann.  Sd.  Agrao.,  t.  3,  ann.  6,  t.  a,  no.  6,  p.  401-4x8,  a  fig.    xyxx. 

*SBASP,  L.  T.     rDNDAKSNTAL  INTSRKBLATIONSHXPS  BETWB8N  CBRTAXN  SOI^UBUt  SALTS  A2«D  SOCLCOIr 

UUDS.    In  Unhr.  Cal.  Pub.  Agr.  Sd. ,  v.  x,  no.  xo,  p.  a9x-339. 3  fi««    X9i6. 

*  JSNS8N.  C.  A.     SmCT  Of  DBCOKPOSING  ORGANIC  MATTmt  ON  THB  SOlUBIUrY  Of  CBSTAXN  DKWUMC 

ooNsmruBNTS  Of  TH8  SOIL.    /«>  Jour.  Agr.  Researdi.  y.  9,  no.  8.  p.  253-268.    X9i7- 
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in  diameter  were  used.  As  illustrated  by  figure  i,  each  of  the  brass 
containers  was  made  up  of  three  sections,  the  short  central  portions 
being  2  inches  and  each  of  the  longer  ones  8  inches  in  length.  In  setting 
up  the  series  the  short  tubes  were  filled  with  the  soil  which  had  been 
treated  with  a  definite  amount  of  salt,  the  longer  tubes  joined  to  them, 
and  then  carefully  filled  with  the  moist  untreated  soil.  The  water 
content  of  the  entire  soil  column  was  as  nearly  uniform  throughout  as 
could"  be  made  by  careful  mixing  and  screening.  After  the  tubes  were 
filled  they  were  carefully  sealed,  unless  otherwise  specified,  and  then 
placed  in  a  closed  chamber,  the  temperature  of  which  was  maintained 
constant  at  18**  C.  At  the  close  of  each  period  the  tubes  were  unsealed; 
cross  sections  of  the  soil  were  removed  by  means  of  a  spatula,  dried, 
cooled  in  a  desiccator,  and  carefully  mixed;  then  the  freezing-point 
lowering  was  determined  in  the  usual  manner. 

MOVEMENT  OF  SOLUBLE  SALTS  THROUGH  FINE-TEXTURED   SOILS 

In  the  first  series  of  experiments  the  changes  induced  in  the  concen- 
tration of  a  rather  heavy  silt-loam-soil  solution  by  the  addition  of  sodium 
chlorid  were  studied.  Water  to  the  extent  of  50  per  cent  of  the  oven- 
dry  weight  of  the  soil  was  added  when  the  depressions  of  the  freezing- 
point  lowerings  were  determined.  The  results  presented  in  Table  I 
are  quite  striking,  changes  in  the  concentration  of  the  soil  solution 
being  measurable  3  inches  from  the  soil  mass  treated  with  i  per  cent 
sodium  chlorid  in  solution,  after  seven  days,  and  2  inches  from  that 
receiving  o.i  of  i  per  cent  of  the  salt  solution.  Fifteen  dajrs  after  the 
treatment  it  is  worthy  to  note  that  the  concentration  of  the  soil  solution 
showed  an  increase  throughout  the  tubes  which  had  been  treated  with 
the  larger  amounts  of  sodium  chlorid;  but,  on  the  other  hand,  changes 
induced  in  the  soil  which  had  received  a  more  dilute  salt  solution  were 
less  striking.  Under  the  above  conditions  the  rate  of  salt  movement 
becomes  more  rapid  with  an  increase  in  the  mass  of  salt  added  to  the  soil. 

Tablb  l.^^hanges  in  the  concentration  of  the  soil  solution  induced  by  the  addition  of 
sodium  chlorid  to  a  heavy  silt  loam 


Frwring-pouit  lowenngs. 

Distance  from 
salt  layer. 

Freezing-point  lowerings. 

Distaacefrom 
salt  layer. 

Alter  7  days. 

After  Z5  days. 

Alter  5  days. 

After  Z5  days. 

xpcr 
cent 
Naa. 

o.zper 
cent 
Naa. 

iper 
cent 
Naa. 

o.xper 
cent 
Naa. 

xpcr 
cent 
Naa. 

czper 
cent 
NaCl. 

xpcr 
cent 
NaCl. 

czpcr 
cent 
NaCL 

JncUs. 
4 

aooo 
•003 

aooo 
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centration  of  the  soil  solution  in  the  soil  were  measurable  in  the  second 
layers  of  soil  after  5  days,  and  at  the  end  of  10  days  movement  had  taken 
place  throughout  the  soil  mass  in  one  case  and  to  the  third  section  in 
another. 

Tablb  lll.^^hanges  in  concentration  of  the  soil  solution  induced  by  the  addition  of  2 
per  cent  of  potassium  chlorid  to  a  silt  loam  with  20  per  cent  of  water 
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MOVEMENT  OF  SOLUBLE  SALTS  THROUGH  COARSE-TEXTURED  SOILS 

After  having  proved  conclusively  that  an  appreciable  movement  of 
salts  from  regions  of  greater  to  those  of  lesser  concentration  take  place 
in  fine-textured  soils,  it  was  considered  advisable  to  continue  the  studies 
with  coarse- textured  materials.  Accordingly  a  coarse  grade  (No.  i) 
of  quartz  sand  was  treated  with  0.45  per  cent  of  sodium  chlorid,  and  the 
changes  in  the  concentration  in  the  various  layers  resulting  from  the 
treatment  after  5-,  10-,  and  20-day  periods,  respectively,  were  deter- 
mined in  the  usual  manner.  In  this  series  glass  containers  were  em- 
ployed, but  instead  of  being  placed  in  a  horizontal  position  they  were 
stood  upright  in  the  chamber.  The  results  given  in  Table  IV  reveal 
that  the  upper  movement  after  5  days  reached  the  first  inch  of  soil  and 
had  progressed  downward  into  the  second  inch.  After  10  days  the 
concentration  of  the  solution  was  slighUy  greater  in  these  sections  than 
at  the  end  of  the  previous  period,  and  after  10  days'  movement  had 
progressed  i  inch  farther  in  each  direction.  The  more  rapid  downward 
movement,  it  seems,  may  be  accounted  for  by  the  downward  move- 
ment of  water,  inasmuch  as  3  per  cent  approaches  the  maximum  fihn 
capacity  of  this  material. 

Table  \>J.— Changes  in  the  concentration  of  the  soil  solution  induced  by  the  addition 
of  0.4s  per  cent  of  sodium  chlorid  to  a  coarse  quartM  sand  with  j  per  cent  of  water 
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In  another  series,  reported  in  Table  VII,  o.  i  per  cent  of  sodium  chlorid 
in  solution  was  added  to  a  portion  of  the  medium  sand,  in  order  to  deter- 
mine if  the  mass  of  salt  present  affects  the  rate  of  salt  movement  through 
sandy  soil.  It  is  obvious,  from  a  comparison  of  the  data  with  those  in 
Table  VI,  that  the  movement  becomes  somewhat  less  rapid  with  the  de 
crease  in  the  amount  of  salt  added  to  the  soil.  After  5  days  the  concen- 
tration  of  the  soil  solution  in  the  first  inch  of  soil  was  far  less  than  it  was 
in  the  previous  series,  and  at  the  end  of  10  days  the  increase  in  concentra- 
tion of  the  soil  solution  was  measurable  in  the  second  inch,  whereas  in  the 
previous  series  the  concentration  had  increased  5  inches  from  the  salt 
layer. 

Table  Vll. —Changis  in  ih$  conctiUraHon  of  ih$  soil  solution  induced  by  ih$  addition  of 
0,1  per  cent  of  sodium  chlorid  to  a  medium  sand 
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Potassium  chlorid  was  added  to  the  medium  sand,  and  the  changes  in 
the  concentration  of  the  soil  solution  in  the  soil  were  likewise  determined 
after  5  and  10  days,  respectively.  The  middle  section  of  the  brass  tubes 
were  filled  with  soil  which  had  previously  been  treated  with  0.9  per  cent 
of  the  salt  in  solution,  the  moisture  content  of  the  entire  scdl  column 
being  9  per  cent.  It  is  notable  from  Table  VIII,  and  graphically  repre- 
sented in  figures  4  and  5,  that  the  concentration  of  the  soil  solution  had 
increased  in  the  first  inch  of  soil  after  5  days,  and  that  the  material  in 
solution  had  passed  into  the  third  inch  of  soil  after  10  days. 

Table  Vlll.^Changes  in  the  concentration  of  the  soil  solution  induced  by  the  addition  of 
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In  order  to  approach  more  nearly  field-soil  fertilization,  2  gm.  of  solid 
potassium  chlorid  and  sodium  carbonate,  respectively,  were  placed  in 
the  middle  of  the  tubes  containing  medium  sand;  otherwise  the  studies 
were  conducted  in  the  usual  manner.  The  results  presented  in  Table  IX 
show  that  the  concentration  of  the  soil  solution  in  the  soil  changes  soon 
after  solid  salts  are  applied  to  the  moist  soils.  The  increase  in  the  con- 
centration within  5  days  was  appreciable  2  inches  from  the  layer  of 
potassium  chlorid  in  the  tubes  containing  3  per  cent  of  water,  and  3  inches 
from  it  in  those  containing  9  per  cent  of  water. 
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potaaaum  dikirid  to  sand  with  9  per  cent  of  moisture. 

Tabl9  VX.,— Changes  in  the  concentration  of  the  soil  solution  induced  by  the  addition  of 
2  gm»  of  powdered  potassium  chlorid  to  a  msdium  sand 


V>o.  4*— Otaph  of  the  frecsinc-point  kmcrincs  after  5  days,  induced  by  the  addition  of  0.9  per  cent  of 
pofaarium  dilorid  to  sand  with  9  per  cent  of  moisture. 
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It  is  notable  that  the  changes  induced  by  the  addition  of  sodium  car- 
bonate were  measurable  after  5  da3rs  i  inch  from  the  salt  in  the  sml 
containing  3  per  cent  and  2  inches  from  it  where  the  moisture  cont^t 
was  9  per  cent,  and  at  the  close  of  the  15-day  period  the  soluble  material 
had  moved  into  the  next  layer  of  soil.  The  results  obtained  from  the 
addition  of  this  salt  are  given  in  Table  X. 

^0 


Z      Z      I       0      0       0        i      z      z 


^yefT 


Fx>.  5.— On^  oC  the  freezixic-point  kmcringt  after  zo  days,  induced  by  the  additkn  oC  0.9  per  cent  d 
potassium  cfalorid  to  sand  with  9  per  cent  of  moisture. 

Tabl9  X. — Changes  induced  in  the  concentration  of  the  soil  solution  by  the  addition  of 
2  gm,  of  powdered  sodium  carbonate  to  a  medium  sand 
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In  another  series  the  tubes  were  stood  upright,  the  upper  ends  being 
open  in  order  to  permit  loss  of  water  by  evaporation  and  to  thus  deter- 
mine if  the  downward  movement  of  the  soluble  material  is  appreciable 
when  water  is  being  lost  in  this  manner.  The  results  obtained  and 
presented  in  Table  XI  show  that  the  downward  movement  took  place, 
the  concentration  of  the  solution  being  appreciably  increased  in  the 
bottom  layers  of  silt-loam  soil,  where  i  per  cent  of  potassium  chlorid 
was  added,  although  the  water  content  of  the  various  layers  was  foimd 
to  have  decreased.  It  is  possible  that  some  of  the  soluble  material  in 
the  lower  layers  would  be  translocated  later  on  to  the  upper  ones  by  the 
film  water  movement,  this  of  course,  could  be  determined  by  canning 
on  the  experiments  over  a  longer  period.  The  greater  concentration 
of  the  soil  solution  in  the  upper  layers  indicates  an  upward  film  move- 
ment of  the  water  in  this  particular  soil,  of  these  water  contents.  We 
have  experiments  in  progress  which  should  show  at  what  water  content 
film  movement  ceases  in  different  classes  of  soils. 


Tablb  XI. — Movement  of  i  per  cent  of  potassium  chlorid  through  silt-loam  soil  in  open 
tubes,  showing  the  concentration  after  10  days 
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Where  sand  was  employed,  rather  strikingly  different  conditions 
have  ensued.  It  may  be  dted  that,  for  example,  according  to  the  data 
in  Table  XII,  the  amount  of  soluble  material  that  moved  downward 
was  indeed  slight  in  comparison  with  the  upper  translocation,  or  with 
the  downward  movement  in  the  silt-loam  soil.  It  is  evident  from  these 
results  that  soluble  salts  such  as  sodium  nitrate  when  applied  to  sandy 
soils,  or  present  in  them,  are  more  likely  to  be  lost  to  the  crop  by  their 
accumulation  in  the  upper  layers  of  soil  during  a  drouth  than  they  are 
in  case  of  the  finer-textured  classes  of  soils.  Field  experiments  now 
under  way  may  afford  additional  evidence  bearing  on  this  question. 
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TablS  XII. — Movement  of  l  per  cent  of  potassium  chlorid  through  medium  samd  in 
open  tubes,  shovnng  the  cotuentraiion  (rfter  lo  days 
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CHEMICAL  STUDIES 

Chemical  studies  of  the  solution  obtained  by  extracting  i  part  of  the 
rarious  layers  of  soil  with  i  of  distilled  water  and  passing  it  through 
he  Chamberland  filter  have  been  made.  In  the  first  series  300  gm.  of 
aedium  sand  and  silt-loam  soil,  respectively,  were  treated  with  i  per 
sent  of  sodium  chlorid  in  solution,  and  were  placed  in  the  bottom  of 
i-gallon  jars  and  the  filling  completed  with  untreated  moist  soils.  One 
et  was  tmsealed,  in  order  to  permit  loss  of  water  by  evaporation.  At  the 
lose  of  the  experiment  each  i-inch  layer  was  air-dried,  extracts  obtained 
is  above  indicated,  and  certain  bases  determined.  The  depression  of 
he  freezing  point  of  the  soil  and  the  amount  of  the  bases  found  in  the 
xtraction  are  given  in  Table  XIII. 

?ABLB  'XIll,— Changes  in  the  composition  of  the  soil  solution  induced  by  the  addition  <f 
I  per  cent  of  sodium  chlorid  to  a  medium  sand  and  a  silt  loam.    Duration,  is  days 
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It  is  notable  that  the  addition  of  sodium  chlorid  resulted  in  an  in- 
Tease  in  the  amount  of  the  bases  caldtun  and  magnesium  released  to 
he  solution  upon  extraction,  the  amount  increasing  from  the  salt- 
reated  layer  <k  soil  upward  in  the  case  of  the  sand  in  the  open  con- 


Digitized  by 


Google 


Dec  xo^  X9X7 


MovetnerU  of  Soluble  Salts  through  Soils 


545 


tamers.  The  magnesium  and  calcimn  were  at  the  maximum  in  the 
second  layer  in  case  of  the  silt  loam.  The  bases  iron  and  aluminium 
were  not  measiu-eably  ajBFected  by  the  treatment. 

The  addition  of  the  sodium  carbonate,  as  may  be  seen  from  Table 
XIV,  resulted  differently,  inasmuch  as  the  amotmt  of  iron  and  aluminium 
in  the  extract  from  the  treated  and  adjacent  layers  of  sandy  soil  were 
strikingly  increased,  while  the  parts  per  million  of  calcium  were  appre- 
ciably less,  and  the  magnesium  decreased  slightly  in  the  two  lower 
layers.  In  case  of  the  silt  loam  the  amount  of  caldtun  in  the  extrac- 
tion from  the  treated  and  the  adjacent  layer  of  the  soil  was  decreased, 
while  the  changes  in  the  amotmt  of  magnesium  were  negligible. 

TablB  XIV.— Changes  in  the  composition  of  the  soil  solution  induced  by  the  addition  of 
I  percent  of  sodium  carbonate  to  a  medium  sand  and  a  silt  loam.  Duration  cf  experiment, 
i^  days 


water. 

Silt  loam,  containing  ao  per  cent  o£ 
water. 

Distance  from  salt 
layw. 

^^ 

erings 
of  soil. 

Iron  and 

Calciuni. 

Magne- 
sium. 

Prees- 

point 

low- 

erinss 

of  soH. 

Iron  and 

Calchmi. 

Ifacne- 
stum. 

huket. 
4 

a  004 
.005 
.053 
.257 
.287 

P.p.m, 
aoo 
.00 

+  7.2 
+84.6 
+60.3 

P.  p.m. 
+26.  70 
+  6.50 

-  8.60 
— laoo 

—  8.00 

Rp.m. 
+3-75 
+1.14 
+  .61 

-  -15 

—  .22 

0.000 
.000 

.012 
.092 

p.  p.  m. 

No     ap- 
pre- 
ciable 
changes 

.00 
-14.S 
1-14. 31 

p.p. 

+1-74 

.  00 

9,  .,, .  .  . 

a 

.  00 

I 

.  00 

0. 

-     .97 

Where  the  containers  were  sealed,  the  presence  of  the  sodium  chlorid 
in  medium-sand  soil  resulted  in  similar  but  somewhat  less  striking  con- 
ditions than  in  the  previous  series.  According  to  the  data  presented  in 
Table  XV,  the  amount  of  calcium  and  magnesium  increased  upward 
from  the  treated  to  the  top  layer,  or  these  bases  obviously  were  liberated 
to  the  soil  solution  and  then  passed  onward  to  regions  of  lower  concen- 
tration. 

Tablb  "KM.— Changes  in  the  composition  of  the  soil  solution  induced  by  the  addition  of 
I  per  cent  of  sodium  chlorid  and  i  per  cent  of  sodium  carbonate  to  medium  sand. 
Duration  of  experiment ^  25  days 


Sodium  chlorid  added. 

Distance  from 
nit  layer. 

Preezin^ 
point 

of  SOU. 

Iron  and 
alumi- 
nium. 

Calcium. 

Macne- 

slum. 

Preedng- 
pwnt 

lower  ings 
ofsoiL 

Iron  and 
alumi* 
nium. 

Calcium. 

Maoie. 
slum. 

Incku. 
3 

0.002 
.015 
.085 
.225 

P.  p.m. 

+3.60 

+3-4d 
+  1.  20 
+4.60 

P.  p.m. 
+  3- 60 
+27.08 
+12.01 
+  2.89 

p.  p.m. 
+0.48 
+4.  ax 

V:lt 

aooo 
.020 
.025 
.09s 

P.  p.  m. 
Trace. 
Trace. 
Trace. 
+63.00 

P.  p  m. 
+16. 17 
+  6.46 
-4.65 
-  3.46 

P.  p.m. 

+0.92 

+  -39 
-  .44 

+  .70 

2 

I 

0 
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One  per  cent  of  sodium  carbonate  was  added  to  a  portion  of  the  third 
layer  of  silt-loam  soil  taken  from  the  closed  containers  and  the  second 
layer  of  sand,  respectively.  They  were  then  moistened  and  let  stand 
for  five  days  in  closed  containers.  At  the  end  of  this  period  the  parts 
per  million  of  the  bases  calcium  and  magnesium  in  the  extracts  were 
determined,  the  results  obtained  being  given  in  Table  XVI.  It  is  notable 
that  the  addition  of  the  sodium  carbonate  resulted  in  an  appreciable  de- 
crease in  the  amount  of  these  readily  soluble  bases,  probably  changing 
them  from  the  chlorids  to  the  carbonates. 

Tablb  'KVl.— Changes  in  the  composition  of  the  soil  solution  induced  by  the  addition  of 

sodium  carbonate 


Iron  and  aluminium. 

Calcium. 

Macncstom. 

Soils. 

inff  sodium 
carbonate. 

After  add- 
inc  sodium 
carbonate. 

Bcforeadd- 
inc  sodium 
carbonate. 

After  add- 
ins  sodium 
carbonate. 

Before  add- 
ing  sodium 
carbonate. 

After  add- 
infsodinm 
carbonate. 

Silt  loam 

Trace. 
...do.... 

P.  p.m. 

7a  oo 

102.00 

P.  p.m. 
60.50 
61.90 

P.  p.m. 
16.66 
27.76 

P.  p.m. 

14.43 

6.20 

P.pm, 

6.55 
2.79 

Sand 

DISCUSSION  OF  RESULTS 

We  have  presented  experimental  data  which  show  that  soluble  salts 
are  translocated  from  regions  of  high  to  those  of  lower  concentration 
in  moist  soils  when  inclosed  in  sealed  containers;  and  in  case  of  silt 
loam  in  the  open  containers  upward  movement  is  very  rapid  and  the 
downward  translocation  is  marked,  the  water  movement  evidently 
decreasing  the  downward  translocation.  We  are  at  loss  to  account  for 
the  contradictory  report  of  Miintz  and  Gaudechon,  unless  the  methods 
employed  failed  to  detect  the  changes  that  may  have  taken  place  in 
the  nitrate  content  of  the  soil.  In  case  of  the  potassium  chlorid,  the 
lack  of  movement  reported  may  have  been  and  probably  was  due  to  the 
retention  of  the  potassium  by  the  soil,  other  bases  being  forced  into  the 
solution. 

As  stated  in  the  introduction,  such  movements  are  to  be  expected, 
especially  if  the  moisture  coats  the  soil  particles  in  the  form  of  films,  in 
view  of  the  fact  that  diffusion  of  salts  take  place  in  solution,  but  on  the 
other  hand  the  movement  may  not  be  and  probably  is  not  due  whofly 
to  diffusion.  It  does  not  seem  tmtenable  to  assume  that  the  reactions 
which  take  place  when  salts  are  added  to  the  soil  play  their  r61e.  A  given 
base  coming  in  contact  with  a  particle  or  a  group  of  particles  may  be 
held  and  others  liberated,  adjacent  particles  may  not  be  satisfied,  so  far 
as  one  or  more  of  these  bases  are  concerned,  and  by  removing  them  from 
solution  may  aid  in  the  translocation  of  soluble  material  in  the  soil 
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BREEDING  SWEET  CORN   RESISTANT  TO  THE  CORN 

EARWORM 

By  G.  N.  COUJNS,  Botanist,  and  J.  H.  Kbmpton,  Scientific  Assistant, 
Office  oJtAccUmatigation  and  Adaptation  of  Crop  Plants  and  Cotton  Breeding, 
Bnreau  of  Plant  Industry,  United  States  Department  of  Agriculture 

INTRODUCTION 

The  production  of  sweet  com  {Zea  mays)  in  the  southern  part  of  the 
United  States  and  throughout  the  American  Tropics  is  seriously  inter- 
fered with  by  the  ravages  of  the  com  earworm  (Chloridea  obsoleia  Fab.). 

The  geographic  range  of  this  insect  is  practically  coextensive  with 
maize  culture,  extending  to  the  northem  boundaries  of  the  United  States. 
But  Quaintance  and  Brues^  state  that  nowhere  in  the  transition  zone, 
comprising  in  the  main  the  New  England  States,  New  York,  Pennsyl- 
vania, Midiigan,  Wisconsin,  and  Minnesota,  is  the  pest  of  regular  occur- 
rence or  a  cause  of  any  considerable  damage.  For  some  distance  south 
of  this  region  the  injury  is  also  comparatively  slight,  but  in  many  sec- 
tions near  the  southern  border  of  the  country  sweet  com  is  not  grown 
at  an,  its  place  on  the  table  being  taken  by  field  varieties. 

The  exclusion  of  sweet  varieties  from  these  regions  may  not  be  entirely 
due  to  the  com  earworm,  but  it  is  probabb^  safe  to  consider  this  insect 
the  major  factor. 

The  com  earworm  does  not  confine  its  depredations  to  sweet  com, 
but  also  attacks  field  varieties.  From  the  fact  that  northem  varieties 
of  field  com,  when  grown  in  the  South  suffer  much  more  than  do  the 
local  sorts,  it  would  appear  that  the  especial  susceptibility  of  sweet 
varieties  is  not  due  to  the  character  of  the  seeds  alone,  and  that  the 
southern  varieties  of  field  com  must  possess  some  additional  peculiarity 
that  renders  them  at  least  partially  immune. 

A  comparison  of  the  general  characteristics  of  northem  and  southem 
varieties  at  once  suggests  that  the  greater  immunity  of  southem  varieties 
may  be  due  to  the  greater  development  of  husks  in  the  southem  varieties. 
Attention  was  early  called  to  this  possibility  by  Mr.  O.  F.  Cook,*  from 
observations  made  on  a  variety  of  com  growing  near  Brownsville,  Tex. 
This  variety  produces  small  ears  inclosed  in  very  long  husks.  Mr.  Cook 
noticed  that,  while  many  larvae  were  found  inside  of  the  projecting 
husks,  few  had  reached  the  ears. 

'  QOAiMTANCB,  A.  L..  and  Brubs.  C.  T.  tbs  cotton  boixworm.  U.  S.  Dqit.  Acr.  Bur.  Bnt.  Bui.  50. 
X55 p..  *1  fig.,  ts  pL,  X905. 

*  BioooniJst  in  Cbarge,  Office  of  Acdbnatizatko  and  Adaptation  ol  Crop  Plants  and  Cotton  Breeding, 
Bnxeau  of  Plant  Industry. 
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With  the  idea  that  southern  field  varieties  o 
nity  to  the  thick  covering  of  long  husks  whic 
seemed  worth  while  to  endeavor  to  breed  vari< 
sessing  numerous  long  husks.  Since  the  disti: 
seeds  of  sweet  varieties  behaves  in  hybrids  as  a 
that  would  breed  true  to  the  sweet  character  m 
second  generation  of  a  cross  between  field  and  i 
hoped  that  from  the  plants  producing  sweet  seed 
desired  husk  characters  could  be  isolated. 

The  present  paper  is  an  account  of  an  atten 
with  a  discussion  of  some  of  the  factors  of  worm 
has  been  thrown  in  the  course  of  the  experiment 

Even  in  the  worst  worm-infested  regions  it  is  la 

whether  any  particular  ear  is  injured  or  escapes. 

^  it  is  therefore  highly  important  to  know  somethin 

that  minimize  injury  and  to  use  these  characters 

The  study  of  the  characters  associated  with  won 

on  simultaneously  with  the  breeding  work,  and 

is  believed  to  lie  in  the  analysis  of  the  characi 

breeding  quite  as  much  as  in  the  material  results. 

comprise  two  strains  of  sweet  com  possessing  i 

com  earworm. 

PROTECTIVE  CHARACTEI 

Four  protective  characters  were  in  mind  at  the 
ment:  (i)  The  distance  which  the  husks  extern 
ear,  with  the  idea  that  larvae  frequently  gain  acce 
at  the  tip  of  the  shoot  and  eating  their  way  do 
obviously  be  advantageous  to  increase  the  dist 
(2)  The  thickness  of  the  husks'  covering.  Ma 
perforations  through  the  husks,  and  a  thicker 
pected  to  hinder  the  invasion  of  the  larvae  from 
texture  of  the  husks.  In  most  sweet  varieties  the 
and  smooth,  while  in  field  varieties,  especially 
the  husks  are  firm  and  harsh.  The  outer  husli 
covered  with  firm  spicules,  providing  a  surface 
sandpaper.  This  character  might  be  expected  t( 
eating  their  way  to  the  ear  through  the  husks, 
was  thought  that  ears  without  husk  leaves  mig 
moths. 

PLAN  OF  EXPERIMENTS 

The  experiments  were  begun  in  191 2.  Mr.  J( 
toria,  Tex.,  made  various  crosses  between  three 
sweet  com,  Stowell's  Evergreen,  Early  Evergree 
two  varieties  of  field  com,  Brownsville  and  Ma 
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a  selected  strain  of  the  variety  in  which  Mr.  O.  F.  Cook  had  first  observed 
the  worm  resistance;  Marrainto  is  a  variety  from  northern  Mexico,  with 
rather  thicker  and  harsher  husks  than  those  of  Brownsville.  These  also 
extend  well  beyond  the  ear. 

Isolated  plantings  of  the  first  generation  of  these  crosses  were  made  at 
Victoria  in  191 3.  The  four  lines  which  have  been  continued  are  Ph75 
Brownsville  X  Early  Cory;  Ph77  Early  Evergreen X  Brownsville;  Ph79, 
Stowell X  Brownsville;  and  PhSo,  Marrainto  X  Evergreen.  The  ears  from 
the  first-generation  hybrid  plants  contained  a  mixture  of  sweet  and 
homy  seeds.  The  sweet  seeds  from  selected  ears  of  each  of  the  four 
hybrids  were  planted  in  separate  rows  at  Lanham,  Md.,  in  1914,  one 
row  from  each  ear. 

The  procedure  in  1914  was  to  make  pollinations  between  plants  of  a 
similar  appearance,  and  usually  within  the  same  row.  The  distance  the 
husks  extended  beyond  the  ear,  the  thickness  and  number  of  husks,  and 
the  extent  to  which  husk  leaves  were  developed  were  recorded  for  all 
plants  used  in  making  pollinations.  An  attempt  was  also  made  to  grade 
the  plant  with  respect  to  the  texture  of  the  husks.^  In  selecting  plants 
for  pollination  preference  was  given  to  those  with  long  husks  and  few  husk 
leaves;  but  other  t)^s  were  also  pollinated,  including  a  few  that  were 
distinctly  inferior  with  respect  to  the  characters  thought  to  denote 
worm  resistance. 

Fourteen  ears  were  selected  for  ear-to-row  tests  in  191 5.  The  desig- 
nations of  these  ears  with  their  ancestry  are  given  in  Table  I. 

Tabi«9  I. — History  cf  the  com  plantings  made  at  Ckula  Vista,  Cal.,  in  igis 


X9ia.  Victoria.  Tex. 
Origiiial  cross. 

X9X3-  Victoria,  tat, 
Treatmoxt. 

10x4.  I^mham. 

Md.   (Sweet 

seeds  pMnted.) 

Plant  combi- 
nations. 

19x5.  Chula 
Vista.  CaL 

Plantinfdesic. 
nation. 

BiDwnsviUe  X  Early  Cory 

Do 

Isolated  block 

laiXxaa 

124X133 

XX9 

8X111 

loXia 

laXio 

12X15 

159X158 

137X75 

140X138 

89X30 

162X160 

182X179 

2Z 

Phl2Z 

do 

Phi23 
Phi27 
Phi28 

Do 

do 

Do 

do 

Eveiigreen  X  Brownsville 

Hand-pollinated 

. .   .  .do.. .              ... 

Phi29 
Phi30 

PI1131 
PI1120 

Do 

do 

StDwells  X  Brownsville 

Isolated  block 

Do 

do 

Phl22 

Do 

do 

Phi24 
Phi25 
PI1126 

Do 

do 

Do 

do 

Marrainto  X  Evergreen 

Evergreen  X  Brownsville 

Hand-pollinated 

do J. .. . 

Phii8 

Stowells  X  Brownsville 

Isolated  block 

PhiiQ 

*  The  imfaoe  cl  the  hades  in  the  hybrid  progenies  is  distinctly  harsher  than  in  coannerdal  varieties  oC 
>«cct  oorn.  It  was  not  found  possibtet  however,  to  distinguish  the  different  progenies  in  this  p**t^^nlar 
with  scnriceableaccnrscy  and  the  notation  d  the  diaracter  has  been  discontiniied. 


Digitized  by 


Google 


Digitized  by 


Google 


Dec  lo.  X917   Breeding  Sweet  Corn  Resistant  to  the  Corn  Earworm    553 


Tablb  II. — Measurement  of  plant  characters  at  Chula  Vista,  CaL,  in  igi^ 


Dttnage. 

Damage  per  larva. 

Prolongation. 

Fraccay. 

First 

Second 

First 

Second 

First 

Second 

First 

cars. 

cars. 

ears. 

cars. 

cars. 

ears. 

ears. 

cars. 

phxxS 

2.X±0.3 

a-7±  .3 

3.x±o.3 
x.6d:  .a 

x.3i:o.x 
x.6±  .a 

x.4i:o.x 
i.a±  .X 

i.7±o.3 
x.7±  .3 

a.  xzto.  a 

9.8^:0.6 
9.7±  .5 

9<  9^:0.4 
xo.9±  .5 

PI1X19 

x.3±  .a 

Phxao 

3.3±  .6 

x.9±  .4 

x.7±  .a 

x.a±  .1 

a.od:  .5 

t'5±  -3 

9.8±  .6 

9.8d:  .8 

Phxax 

a-5±  .3 

x.6±  .a 

x.8±  .a 

x.s±  .X 

x.4±  .a 

x.x±  .a 

9.7±  .a 

9.8±  .5 

Fhxaa 

a.a±  .a 

x-4±  .3 

x.4±  .X 

x.3±  .X 

x.s±  .a 

x.x±  .a 

xi.ai  .3 

XX.  6±  .8 

Phia3 

x.8±  .3 

t'S±  .3 

x.3±  .X 

x.3±  .X 

x.4±  .9 

x.a±  .a 

8.3±  .4 

8.7±  .5 

Fhia4 

.8±  .a 

x.9±  .S 

X.X±    .X 

.8±  .1 

.7±  .a 

a.3±  .8 

13.  x±  .6 

xi.9±  .8 

IJiaS 

5.9±  .8 

4.6±  .8 

a.a±  .X 

a.o±  .a 

a.8±  .4 

a.3±  .4 

9-7±  .5 

8.xi:  .8 

PI1XJ6 

3-x±  .3 

4-4±  -7 

a.x±  .1 

x.8±  .3 

x.5±  .a 

a.4±  .5 

6.S±  .4 

7.8±  .9 

Ehia7 

3'3±  .5 

4-3±  '4 

X.9±    '3 

a.  x±  .1 

x.8±  .3 

a.x±  .a 

6.o±  .7 

5a±  .4 

PhiaS 

S'0±  .8 

3.i±  .3 

a.  i±  .1 

x.8±  .a 

a.4±  .4 

x.7±  .3 

ia.s±  .6 

XX.  9±  .7 

Pliia9 

S-3±x-x 

4.4±  .8 

a.3±  .a 

x.7±  .a 

a.3±  .5 

a.6±  .5 

7-7±  .1 

xo.3±  .7 

Fhx30 

3X±  .4 

a.7±  .3 

x.7±  .a 

x.9±  .a 

x.9±  .4 

1.4^:  .a 

8.9±  .S 

8.4±  .4 

Fhx3X 

3.8±  .4 

a.4±  .3 

x.9±  .X 

x.5±  .1 

a.od:  .a 

x.6±  .a 

7-3±  -S 

10.  t±  .6 

Naxnf] 

«roC  layers. 

Huskteaves. 

I«engthof 
car, 

Number 
of  huAs, 

Days  to 
silking. 

Number 

Profcny. 

erf  rows. 

first  cars. 

first  cars. 

First 
cars. 

Second 
cars. 

first  cars. 

First 
cars. 

Second 
cars. 

first  cars. 

PhiiS 

X3.i±o.3 
x4-7±  -3 
X4-3±  .5 
X4'3±  '3 
xs.8±  .3 

x3.7±o.3 
X3.3±  .4 
xd.4±  .7 
xa.3±  .4 
X4.x±  .3 

xcod: 

xo.odbOva 

98±i 
xo8^x 

a.8i:0.3 
.6±  .1 

3.3±o.a 
x.s±  .a 
a.7±  .3 
4.8±  .4 
.9±  .a 

x4.o±o.a 
xs.o±  .3 
16. 7±  .4 
xa.4d:  .a 
X3.oi:  .a 

Fhxi9 

io.4±  .3 
ia.a±  .4 
7-9±  .3 
xa.ai:  .3 

Phxao 

XX.  6± 

xx3±a 
xo7±x 
io7±i 

a.a±  .4 

4.3±.3 

.4±  .X 

Fhxai 

8.8± 

Phxaa 

10.9^ 

Fhxaa 

15- 4±  .3 

xa-4±  .3 

xo.6± 

xo.3±  .a 

xo5±i 

t.8±  .3 

a.3±  .a 

X3.8±   .3 

PhX24 

15  3±  -4 

X3«7±  '4 

XX.  6± 

xo.9±  -3 

xii±a 

.3±  .a 

x.a±  .a 

X7.x±  .4 

JJ"5 

1S.6±  ,6 

xo.x±  .4 

8.7± 

9.a±  .9 

96±a 

x.x±  .3 

x.o±  .3 

X4.8±  .3 

Phxa6 

xs.i±  .5 
XX.  9±  .6 

xa.8±  .4 
io.B±  .6 

xo.a± 

la.  x±  .  7 

xx5±x 
xo4±3 

x.8±  .3 
x.4±  .4 

x.6i:  .4 
3-7±  .5 

X7.S±  .5 
X3.6±  .4 

JJ'a7 

7.3± 

7.x±  .5 

PhiaS 

ia.3±  .4 

IX.  7±  .6 

7.8± 

8.4±  .3 

xo7±a 

i.4±  .4 

a.8±  .4 

14- S±  'a 

Phxao 

X4>  7±  .  8 

15.  o±  .4 
X4.7±  .6 
xa.8i:  .6 

xo.oi 

1 

9.3±  .5 
9-4±  -a 

9. 4:t  *  * 

9a±4 
90^1 
103  dt  9 

.7±  .4 
x.a±  .a 

x.6±  .a 

i5-3±  -5 
J4-7±  .3 
X3.  x±  *  a 

Phx^ 

M-3±  .3 
X4.o±  .5 

10.  o± 

3-9±  -3 
30±  .3 

Phx3x 

9.x± 

3 

i.a±  .X 

" 

ANALYSIS  OF  RESULTS  IN  1915 

The  first  step  in  analyzing  the  results  was  to  determine  whether  the 
several  rows  showed  real  differences  in  the  amount  of  damage  inflicted 
by  the  com  earworm.  If  significant  differences  were  not  developed,  it 
would  hardly  be  worth  while  to  proceed  with  selectioru 

The  average  damage  for  the  different  rows  is  shown  in  columns  2  and  3, 
Table  II,  together  with  the  probable  errors.  It  will  be  seen  that  some 
rows  are  damaged  much  more  than  others,  and  a  consideration  of  the 
probable  error  shows  that  many  of  these  differences  nmy  not  be  ascribed 
to  chance.  An  analysis  of  the  first,  or  upper  ears,  for  which  the  data  are 
more  complete,  shows  that  the  row  with  the  greatest  amount  of  damage, 
Phi25,  ^^  damaged  seven  and  one-half  times  as  much  as  Phi24,  which 
was  the  least  affected. 

It  was  thought  possible  that  the  degree  of  damage  of  the  different  rows 
might  be  influenced  by  their  position  in  the  field.  The  infestation  might 
come  from  one  side  of  the  field  and  the  rows  nearest  its  source  thus  be  more 
severely  damaged.  The  arrangement  of  the  progenies  in  the  table  cor- 
responds with  that  in  the  field,  and  no  general  trend  is  apparent.     It  hap- 
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pens  that  the  least  and  most  damaged  rows  stood  side  by  side  near  the 
middle  of  the  field.  If  location  was  a  factor,  adjacent  rows  should,  on  the 
average,  show  a  closer  agreement  in  the  extent  of  damage  than  pairs 
taken  at  random.  On  eliminating  Phi 29,  which  is  the  reciprocal  of 
Phi  30,  the  correlation  between  adjacent  rows  for  the  upper  ears  alone 
is  0.161  ±0.189  and  for  upper  and  second  ears  combined  o.i73±o.i89. 
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With  such  small  ntimbers  little  confidence  can  be  placed  in  differences  in 
the  correlations  found  for  the  different  characters.  It  is  interesting, 
however,  that  damage  and  number  of  larvse  have  coefficients  as  large  as 
those  of  morphological  characters. 

Tabu9  VI. — Correlations  between  parents  and  offspring  in  corn  experiments  in  igi6 


Damage. 

Number  ol 
larvee. 

Damage  per 
larva. 

Prokmga- 
tion. 

]>ngthal 
husks. 

I^engthof 
ear. 

0.66^0.09 

0.79^:0.09 

Gradss. 
o.40±o.x4 

Cm. 

o.68±o.09 

Cm. 

0.7a±o.09 

Cm. 

o.56±o.xx 

Number  of 
husks. 

Number  of 
layers. 

Days  to 
silking. 

Husk  leaves. 

Number  of 
rows. 

Average. 

0.46^:0.  X3 

o.43±o.z3 

o.6z±o.zo 

Grades. 

0. 77±0'  la 

0.60 

MEASURES  OF  INJURY 

Of  the  characters  recorded,  three  were  measures  of  injury.  These 
are  given  under  the  headings  ** Damage,"  "Damage  per  larva,"  and 
"Number  of  larvae."  As  might  be  expected  from  the  nature  of  the 
characters,  the  three  measures  of  injury  constitute  a  closely  correlated 
group.  The  damage  per  larva  was  calculated  by  dividing  the  total 
amount  of  damage  in  each  progeny  by  the  total  number  of  larvae.  The 
damage  per  larva  is  thus,  of  course,  definitely  associated  with  both  damage 
and  number  of  larvae.  There  is,  however,  a  factor  in  the  degree  of 
damage  not  covered  by  the  two  other  characters — ^that  is,  the  number 
of  ears  that  escape  without  infestation.  These  uninfested  ears  reduce 
the  average  damage  but  do  not  affect  the  damage  per  larva. 

Since  to  lessen  the  amount  of  damage  is  the  practical  object  sought, 
primary  consideration  will  be  given  to  the  relations  existing  between  this 
character  and  possible  protective  characters.  The  correlations  with 
number  of  larvae  and  damage  per  larva  will  be  considered  only  as  they 
may  help  to  elucidate  the  correlations  with  damage. 

CHARACTERS  CORREI.ATED  WITH  INJURY 

In  Table  VII  are  given  the  interprogeny  correlations  of  the  characters 
measured. 

With  31  progenies  little  significance  may  be  attached  to  any  correla- 
tion that  is  less  than  0.35,  since  to  exceed  3  times  the  probable  error 
the  correlation  must  be  at  least  0.33.  Of  the  plant  characters  measured, 
the  following  showed  a  correlation  with  damage  of  0.35  or  closer:  pro- 
longation, length  of  husks,  munber  of  layers,  and  days  to  silking.  In 
atldition  to  these,  maturity  and  husk  leaves  are  significantly  correlated 
with  number  of  larvae.  Among  the  plant  characters  the  following  signifi- 
cant correlations  appear:  Prolongation  with  length  of  husks;  length  of 
husks  with  length  of  ear;  munber  of  husks  with  munber  of  layers; 
number  of  layers  with  days  to  silking;  days  to  silking  with  maturity, 
days  silking  to  harvest,  and  husk  leaves;  maturity  with  da}rs  to  harvest 
and  husk  leaves. 
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existing  among  individuals,  is  —0.254  ±0.024  and  the  intraprogeny 
r^^ression  of  damage  on  prolongation  is  0.72.* 

The  apparent  effect  of  prolongation  on  damage  within  the  progeny  is 
thus  found  to  be  only  about  70  per  cent  of  the  effect  indicated  by  the  inter- 
progeny  regression. 

The  closer  relation  found  to  exist  among  the  means  of  the  progenies 
might  come  about  through  the  interprogeny  correlation  of  prolongation 
with  other  protective  factors.  The  general  absence  of  genetic  correla- 
tions in  maize  characters  would  render  this  explanation  improbable,  but 
any  explanation  of  the  relation  of  prolongation  to  damage  should  also 
apply  to  the  relation  between  prolongation  and  number  of  larvae.  It  is 
not  clear  how  prolongation  can  directly  afifect  the  number  of  larvae,  and 
the  coherence  of  prolongation  with  other  protective  characters  is  the  only 
explanation  that  suggests  itself.  For  example,  the  progenies  with  the 
greatest  prolongation  might  be  later  in  maturing.  If  this  were  the  case 
and  larvae  became  less  numerous  as  the  season  advanced,  the  closeness  of 
the  interprogeny  correlation  between  prolongation  and  damage  would 
appear  to  be  greater  than  it  really  is.  To  approximate  the  true  effect  of 
prolongation  on  damage,  an  attempt  must  be  made  to  eliminate,  as  far  as 
possible,  the  effects  of  other  correlated  characters.  To  do  this,  resort 
may  be  had  to  "partial  correlations." 

In  the  present  example  the  partial  correlation  between  prolongation 
and  damage  with  respect  to  days  to  silking  will  give,  so  far  as  the  data 
permit,  the  degree  of  relationship  between  prolongation  and  damage 

>  There  are  many  difficulties  in  the  way  ol  securing  a  satisfactory  expression  for  the  intraprogeny  correla- 
tions  of  damace  and  prolongation. 

To  combine  the  crude  determinations  of  all  the  individuals  into  a  single  population  is  to  confuse  the 
inter-  and  intia-progeny  correlations.  To  av(4d  this  it  seems  better  to  calculate  the  intraprogeny  correlation 
for  each  of  the  progenies. 

There  is  a  ftuther  difficulty  in  the  dunce  of  method.  The  customary  product  moment  method,  which  is 
pcrfecUy  applicable  to  the  means  of  the  progenies,  can  not  properly  be  used  with  the  individuals  of  a  single 
progeny  owhig  to  the  pronounced  skewness  of  the  distribution  of  damage.  In  a  great  many  of  the  progenies 
ftpprozimatdy  one-half  of  the  individuals  have  zero  damage.  This  division  of  the  plants  into  two  groups, 
those  that  were  damaged  and  those  that  were  not,  would  seem  to  indicate  that  the  biserial  correlation  may 
properly  be  used. 

Differences  between  the  mean  prolongation  of  first  and  second  ears  prevent  the  combining  of  first  and 
Moond  ears  in  a  single  correlation  table,  but  the  independent  calculation  of  the  coefficient  tor  first  and 
second  ears  in  the  separate  progenies  provides  an  added  check  on  the  reliability  of  the  method. 

The  method  followed  has  been  to  calculate  the  biserial  correlation  in  each  of  the  progenies  for  both  first 
and  second  cars.  In  most  of  the  progenies  the  division  was  made  between  zero  damage  and  a  damage  of  one 
or  more.  In  a  few  progenies  a  more  equal  division  was  secured  by  making  the  division  between  palants 
with  a  damage  of  one  or  less  and  two  or  more.  No  correlation  was  calculated  where  the  smallest  dass  fell 
below  10  individuab. 

A  weighted  average  of  an  the  coefficients  is  taken  ^  the  best  single  cxxvession  of  the  intraprogeny  correla- 
tion. 

The  mean  intrapirogcuy  regreasian  was  calculated  by  the  formula.  Regression  of  damage  on  prolonga- 
tion- 

^fhen  lU>""average  intraprogeny  biserial  correlation  and  ^d  and  ap^tht  sqoareroot  of  the  mean  of  the 
wdi^bted  squares  of  the  standard  deviations. 
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The  difference  between  the  intra-  and  inter-progeny  regression  re- 
mains unexplained,  and  in  the  light  of  this  disparity  it  should  be  kept 
in  mind,  no  asurance  can  be  given  that  an  increase  in  the  prolongation 
in  other  stocks  will  be  followed  by  the  same  rapid  increase  in  immunity 
found  in  the  course  of  these  experiments. 

LENGTH  OF  HUSKS 

I^ength  of  husks  and  prolongation  are  measurements  of  nearly  the 
same  thing.  Prolongation,  however,  may  increase  in  either  of  two  wajrs. 
The  husks  may  be  longer  or  the  ear  may  be  shorter.  The  first  selec- 
tions were  made  for  prolongation  without  special  regard  to  the  length 
of  the  ear,  and  it  was  feared  that  in  so  doing  there  might  have  been  a 
loss  in  the  length  of  the  ear.  Fortunately  prolongation  is  more  closely 
correlated  with  length  of  husk  than  with  length  of  ear.  The  loss  in 
length  of  ear  has  not  been  material,  and  the  worm-resistant  strains 
have  a  satisfactory  ear  length.  The  average  for  the  different  progenies 
ranges  from  15.2  to  26.7  cm.  Since  little  is  to  be  gained  by  reducing 
the  damage  at  the  expense  of  the  length  of  ear,  it  would  probably  be 
safer  in  future  work  to  use  length  of  husks  as  a  basis  of  selection  than  to 
rely  on  the  prolongation. 

HUSK  LEAVES 

The  correlation  between  damage  and  husk  leaves  is  0.31.  Since  husk 
leaves  afford  additional  surface  on  which  moths  can  deposit  eggs  the 
larvae  of  which  may  gain  access  to  the  ear,  a  positive  correlation  would  be 
expected.  On  the  other  hand,  eggs  so  deposited  are  to  some  extent  at 
the  expense  of  eggs  which  in  the  absence  of  husk  leaves  would  be  deposited 
on  the  silks.  Larvae  hatching  on  the  husk  leaves  would  be  somewhat 
delayed  in  reaching  the  ear.  These  larvae  might  be  expected  to  do  less 
damage  than  those  hatching  on  the  silks,  and  for  this  reason  the 
damage  per  larva  should  be  negatively  correlated  with  husk  leaves. 

That  the  husk  leaves  do  attract  the  moths  or  at  least  afford  a  location 
for  the  eggs  is  indicated  by  the  positive  correlation  of  husk  leaves  with 
number  of  larvae,  0.52.  The  second  assumption  of  an  opposite  relation 
with  damage  per  larva  does  not  appear  in  the  direct  corrdation,  which  is 
also  positive  though  only  0.12.  It  will  be  shown,  however,  that  in  gen- 
eral as  the  munber  of  larvae  increase  the  damage  per  larva  also  increases, 
and  the  partial  correlation  of  husk  leaves  with  damage  per  larva  for  con- 
stant number  of  larvae  is,  in  fact,  negative,  —  0.32.  This  makes  it  appear 
that  there  is  also  support  for  the  view  that  husk  leaves  tend  on  the  average 
to  reduce  the  damage  done  by  each  larva. 

The  final  results  are  therefore  in  accord  with  the  supposition  that  the 
manner  in  which  husk  leaves  increase  the  damage  is  through  providing 
additional  opportunities  for  the  moth  to  deposit  eggs  near  the  tip  of  the 
ear. 
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would  appear  to  reduce  damage  more  by  reducing  the  number  of  larvae 
than  by  redudng  the  damage  per  larva,  and  it  is  diflScult  to  imagine  how 
a  number  of  layers  can  have  any  direct  effect  on  the  number  of  larvae- 
unless  the  idea  is  entertained  that  a  large  number  of  closely  wrapped 
layers  causes  the  larvae  to  desert  the  ear. 

The  relation  between  layers  and  number  of  larvae  is  not  the  result  of 
any  relation  existing  between  layers  and  prolongation,  since  the  partial 
correlation  for  constant  prolongation  is  —0.47.  The  interprogeny  re- 
gression of  number  of  larvae  on  layers  is  0.12 — that  is,  the  number  of 
larvae  is  reduced  on  the  average  by  0.12  of  a  larva  with  the  addition  of 
each  layer. 

The  average  intraprogeny  correlation  for  these  characters  is  —0.04, 
and  the  regression  of  larvae  on  layers  is  o.oi. 

In  Table  VIII  the  inter-  and  intra-progeny  standard  deviations,  correla- 
tions, and  regressions  of  the  measures  of  injury  and  the  more  important 
protective  characters  are  brought  together  for  comparison.  The  uni- 
formly lower  values  of  the  intraprogeny  regressions  as  compared  vnth 
the  interprogeny  regressions  support  the  idea  that  there  are  other  import, 
ant  characters  not  included  among  those  recorded. 

Tablb  VIII. — Inter-  and  introrprogeny  standard  deviations ,  correlations ^  and  regressions 
of  the  measures  of  injury  and  the  more  important  protective  characters  of  corn 
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MATURITY 

A  character  often  ascribed  to  sweet  varieties  is  that  they  remain  in 
an  edible  condition  for  a  longer  time  than  do  field  varieties.  Compara- 
tively little  damage  is  done  after  the  ears  have  passed  the  edible  stage, 
and,  if  the  hardening  of  the  grains  was  hastened,  it  seems  not  unreason- 
able that  the  injury  should  be  diminished,  and  this  might  be  a  partial 
explanation  of  comparative  immunity  of  field  varieties.  In  the  191 6 
experiments  the  majority  of  the  ears  were  harvested  between  16  and 
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delayed  in  sweet  varieties.  It  is  possible  that  in  these  particulars  the 
immune  strains  might  tend  to  resemble  the  field  parent.  So  far  as  has 
been  observed,  this  has  not  been  the  case.  Both  the  percentage  of  sugar 
and  the  retardation  of  transformation  are  very  difficult  to  measure  accu- 
rately, for,  in  addition  to  the  labor  of  chemical  anal3rsis,  the  problems 
are  seriously  complicated  by  variations  due  to  the  time  when  the  analysis 
Is  made  and  by  individual  variation.  It  would  seem  that,  to  compare 
two  strains  with  respect  to  these  characters,  it  would  be  necessary  to 
analyze  a  sufficient  number  of  samples  of  each  variety  to  secure  a  reliable 
average  and  to  repeat  this  entire  process  at  short  intervals,  beginning 
soon  after  fertilization  and  continuing  until  the  sugar  content  was  prac- 
tically constant. 

The  only  evidence  obtained  on  these  points  is  that  when  gathered  at 
the  proper  time  the  immune  strains  were  pronounced  by  a  number  of 
different  observers  to  be  fully  as  sweet  as  the  parent  sweet  varieties,  and 
that  in  the  regression  of  maturity  on  days  silking  to  harvest  no  con- 
sistent differences  were  found  between  the  immune  strains  and  com- 
mercial sweet  varieties.  That  sweet  sq^regates  from  a  cross  between 
sweet  and  field  varieties  are  not  deficient  in  sugar  is  shown  by  the  work  of 
Pearl  and  Bartlett,*  who  found  the  percentage  of  sugar  in  the  F,  segre- 
gates of  a  sweet  with  dent  cross  to  be  higher  than  in  the  sweet  parent 

CONCLUSIONS 

In  the  southern  part  of  the  United  States  and  throughout  the  Tropics 
very  little  sweet  com  is  grown.  The  chief  reason  for  this  is  believed  to 
be  the  ravages  of  com  earworm  (CUoridea  obsoleta  Fab.). 

Attempts  to  grow  sweet  varieties  in  the  South  usually  result  in  an 
almost  complete  destmction  of  the  crop  by  com  earworms.  The  native 
field  varieties,  on  the  other  hand,  escape  with  relatively  slight  injury, 
and  are  largely  used  as  a  substitute  for  sweet  com. 

The  most  obvious  difference  between  sweet  and  field  varieties  that 
might  be  expected  to  affect  the  activities  of  the  com  earworm  is  the 
extent  to  which  the  ears  are  protected  by  husks.  Sweet  varieties  gai- 
erally  have  the  husks  poorly  developed.  A  possible  reason  for  this  may 
lie  in  the  fact  that  in  the  northem  part  of  the  Com  Belt  one  oi  the  most 
desired  characteristics  in  sweet  com  is  an  early  season.  Generally 
speaking,  early  varieties  produce  few  leaves  and  few  leaves  are  asso- 
ciated with  few  husks.  There  is,  therefore,  a  simple  explanation  of  why 
commercial  varieties  of  sweet  com  have  poorly  protected  ears  and  the 
poorly  protected  ears  of  sweet  varieties  afford  at  least  a  theory  as  to 
why  they  are  especially  susceptible  to  the  ravages  of  the  com  earworm. 

With  these  facts  in  mind  the  problem  was  to  combine  the  well- 
protected  character  of  the  ears  of  southem  varieties  of  field  corn  with 

>  Pbarl,  Rftymood.  and  Baxtlbtt.  J.  M.    mbmdbuan  inhbmtancs  ot  cbktain  CHmncAt  cbabac- 
TBB8  IN  MAizB.    In  Ztsdir.  Indukt.  Abttam.  u.  Vercrtnmgsldirc.  Bd.  6,  HcCt  z,  a,  p.  i-s8.  x  fig.  i9"- 
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the  table  qualities  of  sweet  varieties  in  the  hope  that  a  sweet  variety 
with  some  degree  of  immunity  would  thus  be  secured. 

Crosses  were  made  between  commercial  varieties  of  sweet  com  and 
southern  varieties  of  field  com.  Sweet  seeds  were  selected  from  the  first- 
generation  ears,  and  in  the  second  generation  plants  with  well-covered 
ears  were  chosen  and  propagated.  The  descendants  of  these  plants  have 
been  found  to  be  much  less  subject  to  injury  from  the  com  earworm 
than  commercial  sweet  varieties. 

The  earworm  resistance  was  tested  in  191 5  near  San  Diego,  Cal.,  and 
in  1 91 6  near  Washington,  D.  C.  In  both  seasons  the  series  of  hybrids 
as  a  whole  was  fotmd  to  be  less  damaged  by  the  com  earworm  than 
commercial  sweet  varieties.  There  were  also  pronounced  differences  in 
the  immunity  of  the  progenies  derived  from  the  different  F,  generation 
ears.  The  dose  agreement  between  the  extent  of  damage  of  first  and 
second  ears  of  the  different  progenies  is  taken  to  indicate  that  the  con- 
stitution of  the  plant  is  an  important  factor  in  the  immunity.  An 
effort  was  made  to  determine  the  plant  characters  which  give  rise  to 
this  comparative  immunity. 

That  the  factors  concerned  in  immunity  are  inherited,  and  are, 
thus,  capable  of  improvement  is  indicated  by  the  correlation  between 
the  extent  of  damage  in  related  progenies.  The  correlation  between  the 
average  damage  of  parent  and  offspring  was  0.66  ±0.09. 

Low  damage  was  foimd  to  be  significantly  correlated  with  a  number 
of  morphological  characters.  For  the  most  part  these  morphological 
characters  were  also  correlated  with  one  another.  Of  the  characters 
measured,  prolongation,  or  the  extent  to  which  the  husks  exceed  the 
ear,  was  found  to  be  the  most  closely  correlated  with  low  damage.  The 
interprogeny  correlation  between  prolongation  and  damage  was  —0.71, 
with  a  regression  of  1.02  per  cent  in  damage  for  each  centimeter  of  pro- 
longation. Within  the  progenies  the  average  correlation  was  —0.26 
and  the  regression  0.72.  This  difference  between  the  inter-  and  intra- 
progeny  regression  is  believed  to  indicate  that  the  protection  is  in  part 
due  to  other  characters  correlated  with  prolongation  and  not  included 
in  those  measured. 
The  thickness  of  the  covering  provided  the  ear  by  the  husks  was 

also  foimd  to  be  associated  with  low  damage,  but  since  only  5  per  cent 

of  the  larvae  that  reach  the  ear  do  so  by  penetrating  the  husks  here 

again  the  relation  can  hardly  be  a  direct  one  of  cause  and  effect.    From 

the  standpoint  of  worm  resistance  husk  leaves  are  also  shown  to  be  an 

undesirable  character. 
By  recording  the  ntunber  of  larvae  in  each  ear  it  is  possible  to  resolve 

the  total  damage  into  (i)  number  of  larvae  and  (2)  the  average  amotmt 

rf  injury  done  by  each  larva. 
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naturally  arisen  the  question  as  to  the  nature  of  individual  variation 
and  the  cause  of  disease  resistance.  Although  there  has  been  consider- 
able theorizing  concerning  the  possible  cause,  or  nature  of  resistance, 
very  little  intensive  research  has  been  directed  toward  a  positive  solu- 
tion of  the  problem.  Biffen's  (2,  5)  hybridization  experiments  with 
wheat  were  the  first  to  throw  light  on  disease  resistance  as  being  due 
to  inheritable  factors  which  behave  according  to  the  laws  of  Mendel.  It 
hardly  seems  possible,  however,  to  explain  the  inheritance  of  such  a  char- 
acter as  resistance  on  so  simple  a  basis  as  that  stated  by  Biffen. 

Having  in  mind  these  questions  concerning  the  nature  and  inheri- 
tance of  wilt  resistance  in  flax,  the  writer  undertook  the  present  investi- 
gations with  the  Departments  of  Plant  Pathology  and  Experimental 
Breeding  at  the  University  of  Wisconsin  in  February,  191 5,  his  objects 
being  (i)  to  study  the  mode  of  penetration  of  flax  plants  by  F.  Uni,  (2)  to 
make  comparative  studies  on  the  penetration  of  cabbage  seedlings  by 
F.  conglutinans  (3)  to  determine  whether  or  not  F.  /ini  enters  the  resistant 
flax  plant,  (4)  to  study  the  relation  of  the  fungus  to  the  tissues  of  suscepti- 
ble and  resistant  flax  plants,  and  (5)  to  study  the  inheritance  of  wilt  resist- 
ance through  hybridization.  Flax  was  found  to  be  a  most  suitable 
plant  for  the  hybridization  work  for  a  mmiber  of  reasons — namely,  it 
has  a  short  growing  season,  can  be  grown  to  maturity  in  the  greenhouse, 
is  easily  cross-pollinated,  and  highly  resistant  and  susceptible  strains 
are  available.  Even  with  these  advantages  it  was  not  expected  that 
more  than  a  clue  as  to  the  nature  of  the  inheritance  of  wilt  resistance 
might  be  obtained  in  the  time  allotted  for  the  work,  since  breeding  is  a 
slow  process  and  it  was  necessary  to  develop  methods  as  the  work  pro- 
gressed. 

NATURE  OF  WILT  RESISTANCE 

MODE  OF  PENETRATION 

Before  making  a  detaUed  study  of  the  relation  of  the  fungus  to  the 
various  host  tissues  it  was  considered  of  fundamental  importance  to 
know  how  it  enters  the  host,  and  to  know  whether  or  not  it  penetrates 
the  resistant  plant.  There  seems  to  be  very  little  definite  information 
as  to  the  exact  mode  of  entrance  of  the  parasitic  soil  fungi  into  their 
hosts.  It  was  hoped  that  by  using  pure-culture  methods  penetrations 
of  flax  and  cabbage  seedlings  by  species  of  Fusarium  might  be  obtained 
so  that  they  could  be  detected  by  aid  of  the  microscope.  Bolley  (4)  states 
that  F.  lini  penetrates  the  young  flax  plants  at  any  point,  through  the 
seed,  leaves,  stem,  or  roots.  His  illustration  shows  very  clearly  that 
the  fungus  is  able  to  penetrate  the  cell  walls  at  any  point,  but  he  does 
not  show  conclusively  the  initial  points  of  entrance.  However,  he  was 
dealing  with  the  subject  mainly  from  a  practical  rather  than  from  a 
standpoint  of  detailed  microscopical  study. 
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In  order  to  make  a  careful  study  of  penetration,  special  culture  methods 
were  necessary.  Test  tubes  were  prepared  by  placing  in  the  bottom 
rolls  of  filter  paper  (PI.  44,  A)  which  were  moistened  and  rendered  suit- 
able as  a  medium  for  fungus  growth  by  pouring  a  small  amount  of 
melted  potato  agar  over  them.  These  tubes  were  autodaved  and  then 
planted  in  equal  numbers  with  seeds  of  both  resistant  and  susceptible 
varieties  of  flax.  These  seeds  had  been  previously  treated  for  five 
minutes  with  a  i-to-i,ooo  solution  of  mercuric  chlorid.  At  the  time  of 
planting,  or  in  some  cases  just  after  the  seeds  had  germinated,  some 
of  the  tubes  containing  each  strain  were  innoculated  with  F.  lini  from  a 
pure  culture,  while  others  were  left  uninoculated  to  serve  as  controls, 
and  in  most  cases  these  remained  free  from  fungus  growth  (PL  44,  A, 
fr,  c).  Cabbage  -seedlings  were  also  grown  for  penetration  studies  in 
tubes  prepared  as  above  and  inoculated  with  F.  amglutinans  from  a  pure 
culture.  The  potato  agar  served  as  an  excellent  medium  for  the  growth 
of  the  species  of  Fusarium,  which  had  immediate  access  to  the  young 
seedlings  growing  in  the  tubes.  As  soon  as  any  signs  of  wilting  could  be 
seen,  the  seedlings  were  carefully  removed  from  the  tubes,  mounted  on 
slides  in  a  20  per  cent  glycerin  solution  and  examined  carefully  under  the 
microscope.  In  this  way  the  root  hairs  can  be  easily  observed,  and 
almost  the  entire  young  root  system  is  so  transparent  that  penetrating 
hyphae  can  be  detected.  In  some  cases  it  was  necessary  to  separate  the 
cortical  layer  from  the  inner  part  of  the  root  tissue  in  order  to  be  able 
to  examine  it  closely.  This  was  done  by  carefully  splitting  the  root  on 
one  side  with  a  sharp  scalpel  and  removing  the  cortical  layer,  which  was 
then  spread  on  the  slide  and  mounted  in  glycerin,  as  mentioned  above. 
Penetration  studies  were  also  made  with  young  flax  seedlings  grown  in 
very  loose,  infected  soil.  It  is  very  difficult  to  obtain  dean  root  haiis 
from  plants  grown  in  soil.  The  best  results  were  secured  by  taking 
the  plant  up  with  a  large  lump  of  soil  which  was  then  dissolved  away 
without  destroying  all  of  the  root  hairs  by  placing  it  in  a  vessd  of  stiH 
water  and  agitating  gently.  These  roots  were  then  mounted  and  exam- 
ined in  the  same  manner  as  those  taken  f roni  the  tubes.  A  small  amount 
of  eosin  placed  under  the  cover  slip  was  often  of  considerable  aid  in 
observing  root  hairs  and  h3rphse. 

A  careful  study  of  slides  prepared  as  above  described  revealed  root- 
hair  (fig.  I,  G,  H,  I),  epidermal  (fig.  2,  3),  and  stomatal  (fig.  4),  pene- 
tration of  flax  seedlings  taken  from  tube  cultures;  root-hair  (fig.  i) 
and  epidermal  (fig.  3),  penetration  of  flax  seedlings  grown  in  infected 
soil;  and  root  hair  penetration  (fig.  i.  A,  B)  of  cabbage  seedlings  taken 
from  tube  cultures.  The  cabbage  seedlings  produce  a  more  abundant 
supply  of  root  hairs,  and  are,  for  this  reason,  more  desirable  for  the 
study  of  root  hair  penetration  than  are  flax  seedlings.  By  cross  inocu- 
lation in  tube  culture  it  was  found  that  Fusarium  conglulinans  could 
penetrate  the  root  hairs  of  flax  seedlings  (fig.  i,  K).    Likewise,  F.  /im 
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^>  z.~A-P.  Fusarmm  eon^utmans  penetntfaig  root  hain  of  cabbftge  seedlings  in  pure  culture  in  teat 
tubes.  G,H,andI,F./tmx>enetratmg  root  hairs  of  flue  seedlings  grown  in  test  tube  cultures.  J.F./tnt 
penetrating  root  hair  of  flax  plant  grown  in  loose,  infected  soil.  K,  F.  conffhUinans  penetrating  root  hair 
cfflaK  seedling  in  pure  cttlture  in  test  tube.    Cazneiarludda  drawings. 
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was  evidently  able  to  penetrate  cabbage  seedlings  as  they  were  kilkd 
by  it  in  tube  cultures.  However,  no  penetration  was  observed  in  the 
latter  as  examination  was  limited.  When  flax  was  planted  on  ''cabbage- 
sick  soil "  and  the  reverse,  no  wilting  or  yellowing  occurred.  The  fungus, 
very  likely,  enters  the  root  hairs  to  some  extent,  but  probably  is  unable 
to  invade  the  tissues  of  the  plant  for  the  same  reason  that  F.  lini  is  unabk 
to  invade  the  tissues  of  the  resistant  flax  plant.     It  was  shown  by  the 


Fto.  s.— FMMTNMift  lini  penetrating  cpidennis  of  young  flax  root  grown  in  loose,  infected  aofl. 

tube-culture  method  (PI.  44,  A,  a,  d)  that  F.  lini  can  penetrate  the 
yotmg  seedlings  of  the  resistant  strain  of  flax  as  readily  as  it  can  pene- 
trate the  seedlings  of  the  susceptible  strain  under  those  conditions. 

By  what  exact  means  the  fungus  is  able  to  penetrate  the  cell  walls 
of  the  host  is  not  known.  Perhaps  the  most  feasible  explanation  is  that 
given  by  Ward  (26)  that  the  fungus  protoplasm  overcomes  the  resistance 

of  the  cells  of  the  host 
by  means  of  enzyms 
or  toxins.  This  might 
be  interpreted  as 
meaning  that  the  fun- 
gus secretes  an  enzym 
which  has  a  solvent 
action  on  the  cell  wall, 
or  that  it  may  secrete 
a  toxin  which  prevents 

Pio.  Z'^Fusanumlini  penetrating  cpidcnnbof  young  flax  aeedling    any  reaction  on the  part 

^u^^oi^  of  the  host-cell  proKv 

plasm  by  killing  or  weakening  it,  thus  making  possible  the  invasion  of  the 
cell.  Perhaps  both  of  these  phenomena  occur  simultaneously.  In  the  case 
of  root-hair  penetration  there  is  a  slight  depression  at  the  point  of  entrance 
of  the  fungus,  and  the  diameter  of  the  opening  made  by  a  hypha  is  some- 
what less  than  the  regular  diameter  of  the  h)rpha  in  question.  Stomatal 
penetration  was  found  on  the  stem  of  a  young  flax  seedling  near  the 
point  where  the  root  began  branching.    Seedlings  taken  from  the  soil 
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showed  stomata  on  the  parts  which  were  below  the  soil  surface;  therefore 
it  is  possible  that  stomatal  penetration  is  a  source  of  infection  as  well  as 
root-hair  penetration,  and  the  penetration  of  the  epidermis  of  young 
roots.  The  fungus  is  also  capable  of  infecting  through  wounds,  as  was 
shown  by  artificial  inoculations  (Table  I).  This  discovery  of  root-hair, 
epidermal,  and  stomatal  penetration  bears  out  BoUey's  assumption  that 
the  fimgus  is  able  to  penetrate  the  young  plant  at  any  point. 

RELATION  OF  THE  FUNGUS  TO  THE  SUSCEPTIBLE  PLANT 

The  relation  of  fungi  to  their  host  tissues  is  a  very  complicated  one 
which  varies  greatly,  according  to  the  fungus  and  host  under  considera- 
tion. The  object  of  this  work  was  to  study  the  relation  of  the  fungus 
to  the  various  tissues  of  the  host  and  to  seek  any  evidence  that  might 
be  of  value  in  explaining  the  possible  cause  for  certain  disease  phenomena. 


Flo.  4.— FMMfmm  IhU  entering  staaaa,  of  young  flax  seedling  in  test  tube  culture. 

After  entering  the  susceptible  plant,  the  fungus  passes  directly  through 
the  cell  walls  of  the  parenchyma  tissues  to  the  vascular  system,  which 
it  invades  to  its  limits.  Bolley  (4)  states  that  sections  through  the  stems 
and  roots  of  wilted  plants  show  that  the  parasite  is  able  to  penetrate  the 
cell  walls  at  any  point  and  pass  directly  through  any  of  the  tissues,  not 
excepting  the  woody  parts.  This  statement  holds  true  especially  for 
plants  in  the  later  stages  of  wilt.  Very  few  fungus  hyphae  can  be  foimd 
in  the  cortical  tissues  of  the  stems  of  plants  which  have  just  wilted, 
although  these  tissues  become  thoroughly  ramified  with  hyphae  as  the 
plant  begins  to  decay.  The  cortical  parenchyma  of  the  roots,  however, 
is  the  first  tissue  to  be  invaded  by  the  fungus.  In  the  early  stages  of  the 
disease  the  hyphae  are  confined  largely  to  the  woody  tissues  in  the  stem. 

Eight  newly  wilted  plants  ranging  from  half -grown  to  the  late-flower- 
ing stage  were  stripped  of  their  foliage,  treated  for  five  minutes  in  a 
i-to-i,ooo  solution  of  mercuric  chlorid,  washed  in  sterile  water,  cut  in 
pieces  with  sterile  instruments,  and  plated  out  on  potato  agar.  Each 
piece  was  noted  carefully,  in  order  to  be  sure  just  what  part  of  the  plant 
it  came  from.  Pure  cultures  of  F.  lini  were  obtained  from  all  parts  of 
23717^—17 i 
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Table  I. — Results  of  artificial  inoculations  of  resistant  <md  susceptible  flax  plants  with 

Fusarium  Uni 


Date. 


Strain  of  flax. 


Nmnberof 
plants  in- 
oculated. 


Number  of 

field  plants 

infected. 


Nmnberof 
greenhouse 
plants  in- 
fected. 


August  7 

Do 

August  17 .'.  . . 

Do 

Do 

August  26 ... . 

Do 

Do 

November  29. 

Do 

Do 


Resistant 

Susceptible . 

Resistant 

Susceptible . 

do 

Resistant 

Susceptible . 

do 

Resistant 

Susceptible . 
do 


1916. 
November  26,. 
Do 


Resistant. . . 
Susceptible . 


7 
6 

4 
2 

3 
5 
5 
5 

II 
I 

10 


15 
15 


o 

2 
3 


o 
13 


Since  no  infection  was  obtained  by  inoculating  plants  of  the  resistant 
strain,  while  those  of  the  susceptible  strain  did  become  infected,  it  seems 
that  there  must  be  some  immediate  reaction  on  the  part  of  the  protoplasm 
of  the  resistant  plant  to  check  invasion  by  the  ftmgus. 

Whatever  the  nature  of  resistance,  it  is  not  manifested  to  the  highest 
degree  unless  the  plant  is  kept  under  perfectly  normal  conditions.  This 
fact  was  shown  by  the  way  in  which  seedlings  of  the  resistant  strain  of 
flax  were  killed  by  the  fungus  in  tube  cultures  (PI.  44,  A,  (/),  and  was 
further  tested  by  planting  disinfected  seeds  of  both  the  resistant  and 
susceptible  strains  in  flasks  of  soil  which  had  been  sterilized  and  inocu- 
lated with  F.  Uni,  When  these  flasks  were  plugged  with  cotton  and  kept 
in  the  laboratory,  the  resistant  strain  of  plants  showed  slightly  more 
resistance  at  first,  but  later  succtunbed  to  the  attack.  However,  when 
flasks  were  prepared  as  above  and  placed  in  the  greenhouse  without  the 
cotton  plugs,  some  of  the  plants  of  the  resistant  strain  lived  to  the  flower- 
ing stage,  while  plants  of  the  susceptible  strain  immediately  died  of  wilt» 
Even  tmder  greenhouse  conditions,  where  the  temperature  runs  above 
normal,  some  of  the  plants  of  the  resistant  strain  wilt. 

Careful  examination  of  the  root  S3rstem  of  resbtant  plants  grown  in 
infected  soil  showed  that  some  of  the  smaller  roots  were  decaying  and 
there  were  brownish  spots  on  the  larger  roots.  A  ntunber  of  these  plants 
which  showed  no  signs  of  wilt  above  ground  were  taken  and  the  root  S3rs- 
tem  disinfected  thoroughly  on  the  surface  with  a  i-to-i,ooo  solution  of 
mercuric  chlorid  for  2X  to  5  minutes.  They  were  then  washed  thoroughly 
and  plated  out  on  potato  agar.  In  a  large  percentage  of  cases  pure 
cultures  of  F,  lint  were  obtained  from  these  roots.    In  some  cases  other 
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^n.  8.— A,  I/mgitudmAl  lectiao  of  the  cortical  parenchyma  of  a  resistant  flax  root  showing  the  formation 
of  cork  walls  around  the  point  of  invasion  by  Fusarmm  Imi,  B.  Lonsitudinal  section  of  the  cortical  paren- 
chyma  of  a  resistant  flax  root  showing  a  cork  layer  formed  between  the  point  of  invasion  and  the  vascular 
system.  Notice  the  increased  cell  division  beneath  the  cork  layer.  C.  Longitudinal  section  of  the  oortical 
parendiyma  of  a  resistant  flax  root  showing  cell-wall  penetration  by  F.  lini  and  the  formation  of  cork  walls 
between  the  invading  hypha  and  the  vascular  system  of  the  root.  The  protoplasm  in  the  cork  cells  was 
granular  as  indicated  by  stipling.  D,  Cross  section  of  the  oortical  parendiyma  of  a  resistant  flax  root 
showing  the  heavy  cork  walls  formed  around  the  point  of  invasion  by  F.  lini.  Camera-ludda  drawings. 
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the  fungus  oflF  from  connection  with  other  cells  of  the  host.  The  fungus 
then  dries  up  and  dies  or  remains  dormant  in  the  dead  host  cells.  The 
resistant  flax  plant  behaves  differently  toward  F.  lim  than  does  wheat 
toward  P.  glumarvm.  The  rust  fungus  is  an  obligate  parasite  and  is  not 
capable  of  growing  in  dead  tissues;  F.  lini  may  grow  either  as  a  parasite 
or  as  a  saprophyte,  and  for  this  reason  its  development  would  not  be 
checked  by  the  death  of  the  host  cells.  Fiuthermore,  the  breaking 
down  of  the  cells  in  the  flax  plant  is  not  so  complete  as  that  stated  for 
wheat  by  Marryat  and  Ward,  and  would  doubdess  play  very  littie  part 
in  decreasing  further  invasion  by  the  fimgus. 

(2)  In  some  cases  the  protoplasm  of  the  host  cells  immediately  sur- 
rounding the  point  of  invasion  becomes  granular  in  appearance  and 
stains  green  with  the  Pianeze  stain,  whereas  the  protoplasm  of  the  normal 
cell  fails  to  take  the  green  at  all.  The  writer  is  unable  to  offer  any  defi- 
ite  explanation  for  this  change  other  than  to  say  that  it  is  possibly  a 
chemical  change  in  the  host  protoplasm  excited  by  the  presence  of  the 
fungus.  There  is  doubtless  a  certain  amount  of  injury  to  the  host  pro- 
toplasm, which  may  account  in  part  for  the  coarse  granular  condition. 
Furthermore,  as  will  be  mentioned  later,  there  may  be  some  substance 
produced  which  is  injurious  to  the  fungus. 

(3)  Surrounding  the  area  in  which  the  cells  show  the  granular  appear- 
ance, there  is  a  stimulation  to  cell  division.  This  cell  division  is  more 
abundant  toward  the  vascular  system  from  the  point  of  invasion.  In 
some  cases  the  dividing  walls  are  formed  more  or  less  irregularly,  while 
in  other  cases  a  typical  cork  cambium  seems  to  be  formed.  The  newly- 
formed  cells  are  to  all  appearance  cork  cells. 

(4)  Accompan3dng  this  cell  division  and  other  phenomena  is  a  thick- 
ening of  cell  walls,  which  is  much  more  noticeable  toward  the  vascular 
system  from  the  invaded  point.  This  thickening  of  walls  may  extend 
three  or  four  cell  layers  beyond  the  point  of  invasion  and  is  more  pro- 
nounced with  newly  formed  cells.  However,  the  walls  of  cells  which 
were  formed  previous  to  invasion  may  become  thickened.  The  process 
of  thickening  seems  to  be  a  laying  down  of  additional  material  which  is 
produced  by  the  protoplasm  of  the  affected  cells.  The  modification  of 
old  walls  is  more  noticeable  below  and  above  the  point  of  invasion  and 
toward  the  epidermis,  where  cell  division  is  not  abundant.  These 
thickened  walls  stain  green  with  Pianeze  stain,  which  fact  indicates  that 
they  are  either  lignified,  cutinized,  or  suberized.  In  parenchyma  tissues 
of  this  kind  we  should  hardly  expect  to  find  Ugnin  or  cutin.  When 
treated  with  concentrated  potassium  hydroxid,  these  walls  gave  the 
t)rpical  yellow  reaction  for  suberin,  which  confirms  the  conclusion  that 
they  are  of  a  corky  nature. 

Taking  into  consideration  the  above-mentioned  phenomena  with  other 
possibilities,  it  seems  that  a  combined  explanation  might  be  offered  for 
the  resistance  of  flax  to  extensive  invasion  by  F.  lini.    In  the  first  place 
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the  protoplasm  of  the  resistant  plant  may  naturally  contain  a  substance 
or  substances  injurious  to  the  fungus.  We  know  that  the  resistant  plant 
differs  from  the  susceptible  plant  in  respect  to  its  physiological  nature. 
This  difference  might  be  due  to  some  permanent  chemical  composition 
of  the  protoplasm  as  suggested  above,  or  it  might  possibly  be  due  to  a 
h3rpersensitiveness  of  the  protoplasm  of  the  resistant  plant  which  causes 
it  to  react  much  more  readily  than  does  the  protoplasm  of  the  suscepti- 
ble plant  in  producing  the  phenomena  which  cause  resistance.  The 
fungus  seems  to  be  less  vigorous  in  the  invaded  cells  of  the  resistant  plant 
.than  in  the  invaded  cells  of  the  susceptible  plant;  in  other  words,  it  is 
less  abundant  in  the  cells  of  the  resistant  plant.  It  seems  possible, 
therefore,  that  some  toxic  or  other  chemical  substance  is  produced  by 
the  protoplasm  of  the  host  which  has  a  deleterious  effect  on  the  f tmgus.* 
The  coarse,  granular  appearance  and  staining  reaction  of  the  protoplasm 
of  the  invaded  cells  indicate  that  considerable  change  has  taken  place. 
Apparently  this  change  is  accompanied  by  an  injury  to  both  the  host 
ceUs  and  the  fimgus  hyphae.  Perhaps  some  substance  is  produced  by 
the  host  protoplasm  during  the  change  which  has  an  injurious  effect  on 
the  fungus.  When  the  hyphae  of  the  fungus  come  in  contact  with  the 
modified  or  corky  walls  of  the  cells  they  fail  to  penetrate,  and  further' 
invasion  is  prevented.  Possibly  these  thickened  walls  would  not  be 
sufficient  within  themselves  to  prevent  invasion,  but  they  serve  as  a 
barrier  to  the  fimgus  after  it  has  been  weakened  by  protoplasmic  reaction 
on  the  part  of  the  invaded  host  cells.  These  phenomena  seem  to  indi- 
cate that  resistance  is  due  either  directly  or  indirectly  to  the  chemical 
nature  of  the  host  protoplasm.  Appel  (i)  believes  resistance  in  plants 
to  be  of  a  chemical  nature  and  makes  the  following  statement: 

Efforts  must  be  made  to  find  the  catisesof  immunity,  and  after  solving  this  question 
to  determine  without  infection  the  disease-resistant  qualities  in  different  varieties 
and  individuals  in  order  to  be  able  to  establish  the  desired  resistance  and  at  the  same 
time  eliminate  undesirable  qualities. 

Such  a  theory  might  at  first  seem  entirely  feasible;  but,  when  the 
multiplicity  of  constitutional  and  environmental  factors  influencing  the 
production  of  the  resistant  character  is  considered,  it  appears  more  im- 
probable that  any  such  analysis  will  ever  be  satisfactorily  made.  Ward 
(25,  26)  also  speaks  of  the  chemical  nature  of  resistance.  He  (26,  p.  21) 
says: 

Infection,  and  resistance  to  infection,  depend  on  the  power  of  the  Fungus-proto- 
plasm to  overcome  the  resistance  of  the  cells  of  the  host  by  means  of  enz3rmes  or  toxins; 
and,  reciprocally,  on  that  of  the  protoplasm  of  the  cells  of  the  host  to  form  anti-bodies 
which  destroy  such  enzymes  or  toxins,  or  to  excrete  chemotactic  substances  which 
repel  or  attack  the  Fungus-protoplasm. 

This  theory  might  be  offered  as  a  partial  explanation  for  the  resistance 
of  F.  lint  by  flax  plants. 
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Finally,  if  we  take  into  consideration  the  apparently  weakened  condi- 
tion of  the  fungus  in  resistant  host  cells,  the  change  in  the  nature  of  the 
protoplasm  of  the  invaded  cells,  the  new  cell  division,  and  the  formation 
of  cork  walls  around  the  point  of  invasion,  all  of  which  seem  to  play  a 
part  in  the  prevention  of  further  invadon  by  the  fungus,  and  all  of  whkh 
are  due  more  or  less  to  the  chemical  reaction  of  the  host  protoplasm,  it 
seems  safe  to  conclude  that  the  resistance  of  flax  to  F.  lint  is  essentially 
of  a  chemical  nature. 

INHERITANCE    OF    WILT    RESISTANCE    THROUGH    HYBRIDIZATION 

In  undertaking  a  study  of  the  inheritance  of  wilt  resistance  though 
hybridization  it  was  very  necessary  that  highly  resistant  and  susceptible 
strains  of  flax  be  secured  and  thoroughly  tested  on  infected  soil  before 
making  crosses.  The  object  of  this  chapter  is  to  deal  with  methods  of 
procedure  in  the  work  and  to  give  such  results  as  have  been  obtained 
from  crosses  up  to  date. 

METHODS  OF  son.  INOCULATION 

Before  the  progeny  from  crosses  could  be  tested  it  was  highly  impor- 
tant that  the  soil  on  which  the  plants  were  to  be  grown  should  be  thor- 
oughly infected  with  the  wilt-produdng  organism,  F.  lini.  The  soil  sent 
by  Prof.  Bolley  from  North  Dakota  was  found  by  the  preliminary  tests 
to  be  satisfactory  (PI.  44,  B),  but  the  quantity  was  not  suflSdent.  An 
attempt  was  therefore  made  to  inoculate  soil  with  pure  cultures  of  the 
organism.  In  order  to  try  this  out,  a  small  flat  of  greenhouse  soil  was 
sterilized  in  an  autoclave  one  half  being  planted  to  flax  No.  3  (suscep- 
tible), and  the  other  half  to  flax  No.  4  (resistaiit).  After  planting, 
about  half  a  dozen  tube  cultures  of  F.  lini,  which  were  fruiting  abund- 
antly, were  mixed  thoroughly  in  a  small  pot  of  water  and  poured  over 
the  flat.  Wilting  of  the  susceptible  plants  did  not  begin  until  they  were 
of  considerable  size,  but  they  were  completely  killed  in  a  short  time 
after  the  disease  started  (PI.  44,  C).  A  large  bench  of  soil  was  then 
inoculated.  Water  suspensions  of  the  organism  from  pure  culture  were 
poured  over  the  soil  and  worked  into  the  surface.  Seeds  of  the  suscep- 
tible strain  of  flax  were  planted  in  abundance  in  the  soil.  As  more 
fruiting  cultures  of  the  organism  were  obtained,  the  inoculation  was 
repeated.  When  the  plants  from  this  seed  showed  considerable  wilt 
they  were  turned  under  the  soil  and  more  seed  planted.  Only  three 
or  four  plantings  of  this  kind  were  necessary  with  the  pure-culture  inocu- 
lations to  put  the  soil  in  suitable  condition  for  the  growth  of  hybrid 
plants  (PI.  46,  A,  B).  It  was  also  found  that  from  i>^  to  2  inches  of  the 
North  Dakota  soil  spread  over  Madison  soil  was  sufficient  to  produce 
thorough  wilting  of  susceptible  plants  (PI.  46,  C,  6). 
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tion  to  a  greater  extent,  and  for  this  reason  it  was  more  desirable  to 
remove  them  as  soon  as  possible  after  the  seed  began  to  set. 

For  selfing  plants  the  paper  bags  were  used  very  little.  The  whole 
plant  was  covered  with  cloth.  The  most  satisfactory  method  was  to 
use  wire  cylinders  about  3  inches  in  diameter  and  about  12  inches  long, 
made  of  screening  and  covered  with  slips  of  finely  woven  white  cloth  made 
to  fit.  These  cloth  slips  should  be  considerably  longer  than  the  cylinders, 
so  that  they  can  be  tied  at  both  ends.  A  piece  of  stout  wire  is  pushed 
into  the  ground  beside  the  plant,  so  that  it  extends  a  few  inches  above 
the  top  of  the  plant.  The  cylinder  is  then  placed  over  the  wire  and  the 
plant,  and  the  cloth  is  brought  together  at  the  upper  end  and  tied  tightly 
around  the  large  wire  above  the  top  of  the  plant.  The  lower  end  of  tte 
cloth  is  then  tied  around  the  wire  and  the  plant  above  ground.  The 
fruiting  part  of  the  plant  is  thus  protected  within  the  cylinder,  where  it 
produces  seed  in  a  fairly  normal  manner.  These  cylinders  should  be 
removed  as  soon  as  the  flowering  period  is  over  and  the  fruit  has  set. 

METHODS  USED  IN  GROWING  THE  PROGENY  PROM  CROSSES 

Plants  of  the  first  and  second  generations  which  were  to  be  tested  for 
resistance  were  grown  in  flats  and  on  benches  of  North  Dakota  "flax- 
sick  soil"  and  Madison  soil  which  was  inoculated  as  previously  stated. 
These  experiments  were  conducted  in  the  greenhouse  throughout  the 
year.  There  is  a  slight  variation  in  temperature  in  the  greenhouse 
with  change  of  seasons,  a  condition  that  can  not  be  prevented.  It  was 
shown  by  temperature  studies  (23)  that  a  difference  of  a  few  degrees  might 
greatly  influence  the  rate  and  amount  of  attack  of  flax  by  F.  lini.  By 
comparing  the  controls  grown  in  winter  and  summer  this  difference  will 
be  observable.  The  high  stunmer  temperatures  increased  the  severity  of 
the  wilt,  even  a  few  plants  of  the  resistant  strain  wilting. 

The  soil  was  well  pulverized  and  the  seed  planted  about  i  inch  apart 
in  rows  about  4  inches  apart.  This  made  it  possible  to  grow  a  large 
number  of  plants  in  a  comparatively  small  area.  In  every  case  rows  of 
both  parent  strains  were  planted  in  every  flat  or  bench  in  sufficient 
numbers  to  serve  as  controls,  and  in  some  experiments  self ed  seed  from 
the  parent  plants  of  the  crossed  seed  wore  planted  as  controls.  The 
number  of  s^ds  planted  was  recorded  in  order  to  ascertain  the  percentage 
of  germination.  In  the  summer,  when  the  greenhouse  temperature 
ran  high,  the  percentage  of  germination  was  low.  In  some  cases  practi- 
cally none  of  the  seeds  germinated.  This  perhaps  was  not  due  to  tem- 
perature alone  but  to  the  increased  activity  of  other  physical  and 
biological  agents  in  the  soil.  As  soon  as  the  seed  germinat^  and  the 
seedlings  appeared  above  the  ground,  they  were  counted  and  recorded 
as  plants.  Any  plant  that  made  its  appearance  above  the  ground  was 
counted,  even  though  it  died  in  this  stage  from  wilt.    The  results  are 
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given  with  this  stage  of  the  plant  as  a  starting  point.  It  would  be 
impossible  to  determine  in  every  case  the  exact  reason  for  the  failure 
of  the  seed  to  germinate;  and  as  some  seeds  of  both  strains  did  not 
germinate,  it  was  not  thought  wise  to  attribute  any  of  the  failure  directly 
to  F.  Km,  although  it  is  quite  likely  that  this  organism  was  partly  respon- 
sible. If  there  was  any  doubt  as  to  the  cause  of  the  ydlting  of  the  seed- 
ling after  it  appeared  above  the  ground,  it  was  determined  by  isolation 
methods  in  the  laboratory.  After  the  number  of  plants  was  recorded 
they  were  kept  under  almost  daily  observation.  Notes  were  taken 
every  week  where  possible  and  the  number  of  healthy,  wilted,  and  dead 
plants  recorded.  Any  plant  which  showed  undoubted  wilt  sjmiptoms 
was  recorded  as  wilted.  This  method  of  note-taking  made  it  possible 
to  compare  the  rate  of  wilting  of  the  hybrid  plants  with  that  of  the 
susceptible  strain.  As  time  and  space  were  very  limited  it  yras  fotmd 
to  be  undesirable  to  grow  all  plants  to  complete  maturity.  It  was  then 
necessary  to  select  some  stage  in  the  development  of  the  plant  as  the 
end  point  for  observation  and  note-taking.  At  this  stage  all  plants 
which  were  not  to  be  kept  for  seed  could  be  removed  and  other  seed 
planted.  The  flowering  stage  was  selected  as  being  the  most  favorable 
to  cease  note-taking,  for  at  this  stage  the  plant  has  reached  its  maximum 
activity  and  very  little  noticeable  infection  takes  place  after  this  time. 
Part  of  the  hybrid  seed  was  grown  in  clean  soil  in  a  different  green- 
house where  there  was  no  chance  for  infection  by  F.  lim.  These  plants 
were  self-fertilized  as  previously  described  in  order  to  obtain  seed  for 
the  next  generation.  By  this  means  seed  was  obtained  from  plants 
that  might  have  been  destroyed  by  wilt  if  they  had  been  grown  in 
infected  soil. 

RESULTS  OBTAINED  FROM  THE  CROSSES 

The  parent  strains,  as  previously  stated,  were  thoroughly  tested  on 
*' flax-sick  soil"  before  the  crosses  were  made  and  were  found  to  be 
umformly  resistant  or  susceptible,  as  the  case  might  be.  However, 
some  of  the  plants  of  the  resistant  strain  wilted  in  later  experiments. 
Results  obtained  from  the  progeny  of  crosses  show  that  there  is  a  great 
difference  in  individuality  among  plants  of  any  strain  with  respect  to 
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generation  according  to  Mendelian  laws.  Unless  there  is  some  possi- 
bility that  these  fruits  were  not  subjected  to  uniformly  favorable  condi- 
tions for  blossom  endrot,  this  is  apparently  an  unusual  case  of  inheritance. 
Orton  (20,  p.  463)  says,  in  writing  on  the  resistance  of  farm  crops  to 
disease: 
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were  grown  in  winter  and  early  spring,  when  the  temperature  was  con- 
siderably lower.  A  slight  rise  in  temperature  serves  to  accelerate  the 
growth  of  the  fungus,  and  the  disease  becomes  more  severe. 

TablS  III. — Resistance  to  flaxwilt  obtained  from  the  progeny  of  a  cross  between  resistant 
flax  No.  4^ ,  and  susceptible  No.  j<^« 


Parent  ttnin. 


D«te  of  pknting. 


Num- 
ber ol 


ixmtcd. 


Rjtdo  at  end  of 
three 


Not 
wilted. 


WUtcd. 


Ratio  at  end  of 


Resist- 


bcrof 


4Dao(F,) 

Resistant  No.  4 .  . . 
Susceptible  No.  3. 

Fs  generation: 

4D90-Z 

4Dao-a 

4l>ao-3 

4l>«o-4 

4D20-5 

4D20-6 

4l>ao-8 


1916. 
Feb.  2... 

do... 

do... 


26 

39 

52 


o 

o 

34 


26 

39 
18 


o 
o 

5a 


26 

39  1 


July  22 . . 
Sept.  23 . 

do.. 

do.. 

do.. 

do.. 

do.. 


68 
98 

"I 

lOI 

50 
70 


Total 


530 


Resistant  No.  4 .  . . 
Susceptible  No.  3. 


Sept.  23 . 
do. . 


37 
4a 
40 

9 
59 
29 

54 


31 
56 
75 
19 
42 
21 
16 


62 
68 
22 
76 

34 
61 


23 

36 

47 

6 

25 
16 


270  I     260 


368  I     162 


40 
Si 
4; 
19 
64 

ss 


306 


6 

76 


n 


10 
82 


46 

o 


Since  the  first  generation  from  this  particular  cross  was  entirely 
resistant,  it  was  hoped  that  some  reasonable  explanation  might  be  given 
for  the  results  obtained  in  the  second  generation,  although  it  was  appar- 
ent at  once  that  they  could  not  be  explained  on  a  unit-factor  basis.  As 
the  ntunber  of  susceptible  F,  plants  was  very  large,  it  was  thought  that 
they  might  be  explained  by  Little's  (16)  hypothesis,  which  is  an  expla- 
nation of  cases  that  appear  to  be  a  reversal  of  dominance.  The  indi- 
viduals showing  the  character  in  question  decrease  in  number  in  the 
F2  generation,  as  there  is  an  increase  in  factors  which  produce  the  par- 
ticular character.  The  general  principle  is  that  with  the  addition  of 
each  factor  involved  the  ntunber  of  F,  individuals  possessing  the  char- 
acter in  question  is  multiplied  by  3,  while  the  total  number  of  F,  indi- 
viduals is  multiplied  by  4.  The  difference  between  the  number  of  indi- 
viduals with  the  character  and  those  lacking  it  grows  progressively 
greater  with  each  factor  added.  With  the  flax  cross  under  consideia* 
tion,  the  first  generation  was  entirely  resistant  to  wilt.  In  the  second 
generation,  from  a  total  of  530  plants  162  were  resistant  and  368  suscep- 
tible. These  figures  approach  very  closely  the  expectation,  if  four  factors 
are  concerned  in  producing  resistance.  The  actual  expectation  would  be 
81  resistant  to  175  susceptible,  which  is  a  ratio  of  i  to  2.16.  The  actual 
proportion  obtained  was  81  resistant  to  184  susceptible,  which  is  a  ratio 
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erf  I  to  2.27.  This  ratio  is  fairly  dose  to  the  expectation.  The  number 
of  susceptible  plants  ran  rather  high,  although  this  was  to  be  expected, 
since  the  F,  plants  were  grown  under  slightly  abnormal  conditions,  as  we 
have  already  seen.  Some  of  these  pUmts  showed  only  slight  signs  of 
infection  and  would  no  doubt  have  resisted  entirely  had  they  been  under 
less  severe  conditions.  In  this  case  the  discrepancy  is  in  the  direction 
expected,  the  number  of  susceptible  plants  running  high.  Since  this  is 
the  only  cross  that  gave  definite  ratios,  too  much  emphasis  should  not  be 
placed  on  these  results  until  further  experimental  evidence  is  obtained. 
It  is  furthermore  very  desirable  that  experiments  of  this  kind  be  con- 
ducted in  enviroimiental  conditions  which  are  kept  fairly  constant. 

Tablb  IV. — Resistance  to  flaxwiU  obtained  with  reciprocal  crosses  cf  resistant  flax  No.  4 
with  susc^pUhU  No,  j  and  their  controls 


Pvcot  stnun. 


D«teol 


bcrof 
plants 
grown. 


Ratio  at  end  of 
three 


Wilted. 


Not 

wUted. 


Wilted. 


Ratio  at  end  ol 
cxpenuent. 


Resist- 
ant. 


Num- 
ber of 
plants 
kUled 

wiL 


4Bl(F,).. 

6E1 

4Hi(self). 
6Bi(8elf). 


Oct.    15 

,  ..do 

...do 

...do 


9 
9 

17 
17 


2 

X 

o 

13 


17 

4 


9 
9 
o 

17 


o 
o 

17 

o 


9 
9 
o 

17 


Ptgeneration  (6E1 9  and4Ei  ^ ) : 

6Ex-x 

6Ex-a 

6Ex-3 

6Ex-4 

6E1-5 

6EX-4 


1916. 
June  27 

...do 

...do.... 

..do.... 
...do.... 

..do.... 


76 

133 

"5 

104 

66 

34 


56 
100 

56 
49 
aa 

15 


ao 

33 
79 
55 
44 
19 


67 
laS 

"3 

lOI 

66 
34 


57 

\\l 

97 
65 
33 


Total. 


538 


398 


340 


519 


19 


485 


Contiols,  F,  getieration:. 

Resistant  No.  4 

Susceptible  No.  6. . . 
Susceptible  No.  3. .. 


..do. 
..do. 
..do. 


84 
8 

24 


la 
8 

24 


7a 

o 

10 


30 
8 

24 


54 
o 
o 


aa 
8 

24 


Ft  generation  (4EX  9 »  6Exd'): 
4EX-1. 


4Ex-a. 
4EX-3. 
4E1-4. 
4Ex-s. 
4EX-6. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


93 

74 

IS 


6x 
52 
33 
63 
31 
55 


32 
aa 

3 
23 
25 
19 


92 
73 

it 
It 


84 

68 


Total. 


429 


295 


134 


423 


405 


Another  cross  which  was  followed  up  with  great  care  was  a  cross  of 
resistant  flax  No.  4,  with  susceptible  No.  6.  Reciprocal  crosses  were 
made,  and  selfed  seed  was  obtained  from  both  parent  plants.  The 
i^tant  parent  is  designated  as  4E1  and  the  susceptible  parent  as 
6E1.  The  first  generation  (PI.  45,  A,  6,  c)  proved  to  be  entirely  suscept- 
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ibie,  although  it  might  be  said  that  there  was  an  intermediate  condition, 
owing  to  the  fact  that  there  was  considerable  difference  in  the  time 
of  wilting  of  the  first-generation  plants  as  compared  with  plants  grown 
from  selfed  seed  from  the  susceptible  parent.  The  second  generation 
was  almost  entirely  susceptible.  These  plants,  however,  were  grown 
under  more  severe  conditions  than  were  the  plants  of  the  first  genera- 
tion. The  severeness  of  these  conditions  can  be  seen  from  results  of 
the  resistant  control  given  in  Table  IV. 

In  this  case,  as  is  shown  by  the  table,  the  second-generation  plants 
were  grown  under  fairly  severe  conditions.  Thirty  of  the  eighty-four 
plants  of  the  resistant  control  were  infected.  The  second  generation 
was  grown  on  artificially  infected  soil.  Considering  the  behavior  of  the 
first  generation  and  the  severe  conditions  under  which  the  second  gen- 
eration was  grown,  together  with  the  results  obtained,  it  seems  impos- 
sible at  present  to  give  any  direct  explanation  on  a  Mendelian  baas. 

In  order  to  see  what  the  result  would  be  if  the  seed  from  the  crosses 
on  a  number  of  plants  were  mixed,  seed  from  five  different  plants  were 
thrown  together  and  planted.  In  this  case  sight  was  lost  of  the  indi- 
viduality of  parent  plants,  due  to  the  mixing;  consequently,  no  definite 
ratios  could  be  expected  as  individuals  behave  very  differently.  Table 
V  gives  the  results  obtained  from  mixed  progeny. 

TablB  V. — Resistance  to  flaxwilt  of  the  mixed  f>rogeny  of  crosses  between  resistant  fax 
No,  4$  and  susceptible  No.  j9 


Pucnt  ttnin. 


Date  of 


bcrof 
pkntt 


Ratio  at  end  dt 
three  weeks. 


«"'^***-  Wiltod. 


Not 

wilted. 


Ratio  at  end  ol 


Wilted. 


Nam* 
bcrof 
plants 
1^ 

1^ 


3B-Mix.(Fi) 

Resistant  No.  4. . . 
Susceptible  No.  3. 


P2  generation: 
3B-Mix-i. 
3E-Mix-a. 
3E-Mix-3. 


19x5- 
Oct.      2 
..do... 
..do... 


IS3 
ao 

46 


53 

o 

43 


100 

ao 

3 


106 

o 
46 


47 

20 

o 


76 

0 

46 


Z916. 
Apr.    aa 
. .  do  . . . . 
..do.... 


81 
88 


41 
63 
55 


4» 
z8 

33 


i 


40 

3 

4 


46 
67 


Total. 


Resistant  No.  4 Apr.    aa 

Susceptible  No.  3 do  — 


45 
43 


159 

I 
33 


99 

44 
xo 


«3 
43 


47 

4a 
o 


_i85 

0 
43 


•SUglit. 

As  is  shown  by  the  controls  in  Table  V,  these  plants  were  grown  under 
very  good  conditions  for  the  best  test.  The  resistant  parent  strains 
stood  up  almost  perfectly,  while  every  plant  of  the  susceptible  parent 
strain  died  out  completely.  Since  there  are  all  gradations  between  an 
entirely  resistant  and  an  entirely  susceptible  first  generation  from  indi- 
vidual crosses,  we  would  expect  the  intermediate  condition  when  seed 
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from  a  number  of  individuals  are  mixed.  This  was  what  actually  hap- 
pened. In  the  second  generation  there  was  great  variation  in  the  prog- 
eny from  individuals  of  this  first  generation  (PI.  46,  B,  c,  h).  This  is 
what  might  be  expected,  since  the  chances  are  that  each  group  of  second- 
generation  plants  came  from  a  different  cross.  This  method  of  growing 
the  progeny  was  found  to  be  very  unsatisfactory  as  it  gave  no  direct  line 
on  individual  crosses  which  have  been  found  to  behave  so  differently. 

Tabi^  VI. — Resistance  to  flaxwilt  of  the  progeny  from  crosses  between  resistant  and  siu- 
double  strains  of  flax  in  which  about  an  equal  number  of  resistant  and  susceptible 
plants  occurred  in  the  first  generation 

KSSlSTAirt  NO.  4    9    X   SUSCSPTIBI«B  NO.  6   S 


Date  of 
planting. 

NtuU' 
berof 
plants 
grown. 

Ratio  at  end  ci 
three  weeks. 

Ratio  at  end  of 
experiment. 

Num- 
beroC 
plants 
killed 

Parent  stnun. 

united. 

Not 
wiltfd. 

Wilted. 

Resist- 
ant. 

4Ea(Fi) 

1916 

Apr.    25 

...do 

...do 

6 
6 
9 

z 
0 
9 

1 

0 

3 

0 

9 

I 

0 

1 

Resistant  No.  4 

Susceptible  No.  6 

0 
9 

Sept.   23 

Pi  generation: 

4E3-1 

36 

37 

8 
17 

18 
30 

15 
24 

zz 

13 

14 

^ri     - ....  ^ ...  * .  ^ ..........  4 

4^2-4 

3Z 

Total 

63 

as 

38 

39 

24 

35 

.'^t.".'. 

l*«djrtant  No.  4 

26 
24 

4 
14 

33 
ZO 

7 

24 

19 

0 

5 
24 

Susceptible  No.  3 

RBSISTANT  NO.  4  9    X  SU8CSPtIBI«B  NO.  3   S 


4D3(P.) 

zoz6 
Feb.     3 

...do 

...do 

July   3z 

z8 

17 
z6 

0 
0 
3 

z8 
17 
14 

zo 

0 
z6 

8 

17 

0 

2 

Reiistant  No.  4  . '. 

Susceptible  No.  3 

0 
zz 

F|  generation: 

4D3-Z 

It 

105 

47 

37 
30 
36 

6z 
103 

z 
3 

3 

83 

4D3-3 

■r-'O    -■••••••••••  ^  •♦•-•■*■  -^  •  ' 

Di-? 

...do 

Total 

343 

159 

83 

237 

5 

z8z 

July    3z 

Reststant  No.  4 

36 

6 

25 

31 

z 

14 
36 

23 

0 

s 

Susceptible  No.  3 

36 

RBSISTANT  NO.  4  S    AND  SUSCBPTIBLB  NO.  3    9 


iB33(F0 

Resistant  No.  4 

Susceptible  No.  3 

Pa  generation: 

3E22-3 

Resistant  No.  4. . . 

Susceptible  No.  3. 


Z9z6 
July    3Z 
do. 


.do. 


Sept.  33 
.  .do^..., 
..do 


9 

il 

24 
36 

24 


z 

o 

z6 

30 

4 
14 


8 
15 


4 
33 
zo 


4 

o 

z8 

23 

7 

24 


5 
15 

o 

z 
19 


3 

o 
x8 

33 

5 
24 
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TablS  VII. — Resistance  to  flaxwilt  of  crosses  between  resistant  and  susceptible  strains  cf 
flax  in  which  a  greater  number  cf  resistant  than  susceptible  plants  occurred  in  the  first 
generation — Continued 

RBSISTANT  NO.  4   cf  X  SUSCBPTIBLB  NO.   5    9 


Pittcnt  stiBuu 


Dated 
planting. 


Nnm- 
berol 
plants 
giowu. 


Wihed. 


Ratio  at  end  ol 
three  we^s. 


Not 

wilted. 


Wilted. 


Ratio  at  end  ol 
cxpcmncnt. 


Resist- 


Nnm- 
berof 
pbn^ 


killed 


It  No.  4 

Susceptible  No.  5 

F2  generation: 

5E22-1 

Resistant  No.  4.  . . 

Susceptible  No.  5. 


1916. 
Apr.    a6 

.  .do 

..do 


"^l 


t,  23 


14 
18 
16 


53 
26 


.do. 


o 
o 

16 

21 

4 

2 


14 

18 

o 

3a 

22 

o 


5 

o 

16 

40 

7 

2 


^l 


13 

o 


I 
o 

16 

32 
5 
2 


RBSISTANT  NO.  4    ^    X    SUSCSPTIBLB  NO.  3    9 


3Ei4(F, 
Resistai 


Resistant  No.  4 

Susceptible  No.  3 

F^geneiation: 

3Bi^-i 

Resistant  No.  4 

Susceptible  No.  3 


Feb. 
..do. 
.  .do. 


July    21 

...do 

. .  .do 


9 
14 
21 

80 
26 

24 


o 

o 
7 

62 

4 
14 


9 
14 
14 

18 
22 
10 


2 

o 

21 

79 

7 

24 


7 

14 
o 

I 

19 
o 


o 
o 

21 
67 

5 
24 


RESISTANT  NO.   4    9X  SUSCEPTIBLE  NO.   5^ 


4Bn(Fi) 

Oct.    18 

...do 

...do 

5 
79 
51 

0 

5 
76 

15 

2 

6 

51 

3 

73 

0 

0 

Resisbmt  No.  4 

Susceptible  No.  < 

3 
50 

...do 

F,  generation  a*. 

4B11-1 

202 
128 
141 

55 
63 
30 

147 

65 

III 

137 
X16 

lOX 

65 
12 
40 

86 

^Zl              

4di-^ 

...do 

86 

aEix— « 

...do 

56 

Total 

471 

148 

323 

354 

117 

228 

RESISTANT  NO.  4   9  X  SUSCEPTIBLE  NO.   5   cf 


4E7(F,) 

Oct.    18 
...do 

5 

79 
51 

0 

at 

4 

15 

2 

6 

51 

3 

73 

0 

0 

Re&antNo.  4 

3 
50 

Susceptible  No.  «; 

...do 

...do 

^2generation«: 

4E7-1 

44 

5a 

zo 

7 

34 
45 

18 
16 

26 
36 

10 

4E7-2 

...do 

II 

Total 

96 

17 

79 

34 

62 

21 

aCootrob  fer  Pa  Mone  as  lor  Pi  above. 
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Table  VIII  shows  the  results  of  crosses  in  which  the  first  generation 
was  entirely  or  almost  entirely  susceptible.  The  second  generation  in 
these  cases  behaved  about  as  did  the  second  generation  from  crosses 
which  have  been  given  above.  There  seems  to  be  no  common  explana- 
tion for  segregation  in  this  case,  which,  of  course,  is  to  be  expected  when 
the  first  generation  segregates  irregularly,  as  was  true  with  these  crosses. 

TablS  VIII. — Resistance  to  flax  wilt  of  crosses  between  resistant  and  susceptible  straini  cf 
flax  in  which  the  first  generation  plants  were  entirely  or  almost  entirely  susceptible 

RESISTANT  NO.  4    9X   SUSCBPTIBLB  NO.   5    ^ 


Parent  ttndn. 


Date  of 


Num- 
ber of 
plants 
grown. 


Wilted. 


Ratio  at  end  of 
three  weeks. 


Not 
wilted. 


Wilted. 


Ratio  at  end  of 


Num- 
ber of 
Qiaats 
tiOed 


4Bi3(Fi) 

Resistant  No.  4 

Susceptible  No.  5 

F2  generation: 

4E13-1 

Resistant  No.  4 — 
Susceptible  No.  5. 


1916. 
Feb.    2 
..do.... 
..do.... 


...do.... 


14 
18 

127 
26 


4 
o 
6 

82 

4 

2 


zo 

18 

6 

45 

22 

o 


12 
o 

12 
126 

7 


2 
18 

o 

I 

19 


3 
0 
12 

MS 

5 


RBSISTANT   NO.  4    ?  X   SUSCBPTIBLS  NO.   5   cf 


4Ei2(F0 

Resistant  No.  4 

Susceptible  No.  5. 

Fj  generation:  o  4JS12-1 . 


Oct.  18 
..do... 
..do... 
..do..., 


zi 

79 

51 

123 


5 

3 

36 

62 


6 
76 

6? 


IX 

6 

51 
106 
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vessels  can  be  seen.  Wilting  may  be  due  to  the  combined  action  of 
several  factors:  (a)  Destruction  of  the  young  active  root  system  by  the 
fungus,  which  cuts  off  a  part  of  the  food  and  water  supply  of  the  plant, 
(b)  Use  of  the  food  and  water  supply  of  the  plant  by  the  fungus,  (c) 
More  vigorous  growth  of  the  fungus  and  incr^tsed  transpiration  of  the 
host  plant  due  to  a  rise  in  the  temperature,  (d)  The  possible  pro- 
duction of  toxins  by  the  fungus  which  injure  the  host  protoplasm. 

(5)  F.  lini  penetrates  the  resistant  flax  plant  and  stimulates  division 
and  coik  wall  formation  in  cells  adjacent  to  those  attacked,  but  is  not 
able  to  invade  the  tissues  to  any  considerable  extent  owing  to  a  number 
of  possible  reasons:  (a)  The  permanent  chemical  composition  of  the  re- 
sbtant  plant  may  be  of  such  nature  as  to  be  injurious  to  the  fungus, 
(b)  The  protoplasm  of  the  resistant  plant  may  be  more  highly  sensi- 
tive than  that  of  the  susceptible  plant,  thus  reacting  more  readily  in 
the  production  of  those  phenomena  which  cause  wilt  resistance.  (3) 
The  stimulation  to  new  cell  division  and  the  laying  down  of  cork  walls 
which  seem  to  serve  as  a  barrier  to  further  invasion  by  the  already 
weakened  hyphae. 

(6)  Wilt  resistance  in  flax  is  an  inheritable  character  which  is  appar- 
ently determined  by  multiple  factors. 

(7)  There  is  a  great  difference  in  the  individuality  of  plants  of  a  strain 
with  respect  to  the  resistant  character,  as  shown  by  their  offspring. 
The  first  generation  from  some  crosses  is  entirely  resistant,  from  some 
intermediate,  and  from  others  entirely  susceptible. 

(8)  The  degree  of  resistance  shown  by  a  strain  of  flax  depends  to  a 
considerable  extent  on  the  environmental  conditions  under  which  the 
plants  are  grown.  A  strain  which  was  bred  to  resist  under  certain  con- 
ditions may  break  down  under  a  more  severe  environment.  Plants  of 
North  Dakota  Resbtant  No.  114,  the  best  strain  employed  in  this  work, 
was  not  entirely  resistant  with  the  high  summer  temperatures  in  the 
greenhouse. 

(9)  AH  parent  strains  to  be  used  in  cros^ng  should  be  thoroughly 
tested  on  infected  soil  tmder  favorable  disease  conditions  before  making 
thecrosses.  The  resbtant  parent  to  be  used  in  the  cross  should  be  grown 
on  infected  soil. 

(10)  Hydridization  experiments  should  be  conducted  under  uniform 
environmental  conditions  in  order  to  obtain  condusive  results.  The 
fact  that  such  varied  results  were  obtained  in  this  work  is  probably 
due  to  the  different  environments  under  which  the  plants  were  grown. 
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PLATE  45 

A. — ^Flax  plants  growing  on  North  Dakota  "flax-^ck  soil."  a,  Resistant  No.  4. 
b,  c,  Redpiocal  crosses  between  resistant  No.  4  and  susceptible  No.  6.  All  of 
these  Fi  plants  died  later  of  wilt,    d.  Susceptible  No.  6. 

B. — ^Flax  plants  growing  in  North  Dakota  "flax-sick  soil."  a,  Resistant  No.  4. 
6,  Cross  between  resistant  No.  4  and  susceptible  No.  5.    c.  Susceptible  No.  5. 

C. — ^Flax  plants  growing  in  North  Dakota  "flax-sick  soil."  a.  Resistant  No.  4. 
6»  e.  Crosses  between  resistant  No.  4  and  susceptible  No.  5.    J,  Susceptible  No.  5. 

D. — ^Flax  plants  growing  in  North  Dakota  "flax-sick  soil."  a,  Resistant  No.  4. 
6,  Cross  4D20  between  resistant  No.  4  and  susceptible  No.  3.  c.  Cross  3EX4 
between  plants  of  the  same  two  strains  as  h,    d,  Susceptible  No.^j  (all  dead). 
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PLATE  46 

A. — Flax  plants  growing  in  soil  inoculated  artificially  with  Fusanum  UnL  a, 
Resistant  No.  4.  b,  Susceptible  No.  3.  c-k,  First-genexation  plants  fom  cfosses 
between  these  two  strains.  Notice  that  some  of  the  crosses  were  almost  entirely 
resistant  to  the  disease  while  others  wilted  almost  as  badly  as  plants  of  the  snsceptibte 
strain. 

B. — Second-generation  flax  plants  growing  on  artificially  infected  sc^.  a.  Sus- 
ceptible No.  3.  b,  Resistant  No.  4.  c-k,  Second-generation  plants  from  cioaBes 
between  these  two  strains.  These  plants  show  the  difference  in  individual  plants  of 
the  fiist  generation,  c  and  d,  0  and/,  g  and  A,  req>ectively,  came  from  individual 
plants  of  the  fiist  generation. 

C. — Second-generation  flax  plants  growing  in  North  Dakota  "flax-sick  soil."  b, 
Susceptible  No.  3?  c.  Resistant  No.  4.  a,  d-k,  Second-generation  plants  from 
the  cross  4D20  in  which  the  fiist  generation  were  all  resistant.  Of  the  530  plants  of 
this  Pj  generation  162  were  resistant  and  368  susceptible. 
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NATURE  AND  RATE  OF  GROWTH  IN  LAMBS  DURING 
THE  FIRST  YEAR 

By  £.  G.  RiTZMAN,^ 
Animal  Husbandman,  New  Hampshire  Agricultural  Experiment  Station 

THE  PROBLEM 

The  data  presented  herewith  furnished  material  for  an  analysis  of  the 
nature  and  rate  of  the  development  of  lambs  during  their  first  year  of 
growth. 

The  primary  object  in  view  in  obtaining  these  data  was  the  establish- 
ment of  the  normal  rate  of  growth  of  definite  somatic  characters  for 
specific  periods  during  this  first  year  of  development.  The  data  secured 
for  this  purpose,  however,  were  used  also  in  a  study  of  <x>rrelation. 

In  planning  this  experiment  it  was  decided  to  take  the  first  record  at 
2  weeks  of  age  after  the  lambs  had  straightened  out  somewhat,  the 
second  at  4  weeks,  thereafter  monthly  up  to  3  months  of  age,  and  from 
this  time  on  quarterly  up  to  a  year  of  age.  Consequently  each  lamb  was 
weighed  and  measured  on  the  dates  when  it  attained  these  respective 
periods  of  age  for  the  first  three  periods.  After  the  third  record  was  taken, 
which  was  at  8  weeks  of  age,  it  was  found  impractical  to  proceed  on  this 
basis,  because  of  the  time  required  to  attend  to  each  individual  lamb  on 
the  date  it  would  attain  the  age  for  measurement,  so  they  were  divided 
into  groups  each  of  which  contained  lambs  which  were  within  a  week 
of  the  same  age.  By  taking  records  of  a  whole  group  at  one  tiine  con- 
siderable time  was  saved.  The  fourth  period  covers  only  3  weeks  instead 
of  4,  as  it  was  found  necessary  to  turn  the  flock  out  on  pasture  at  this 
time  when  the  oldest  group  of  lambs  reached  the  age  of  1 1  weeks.  This 
record  was  therefore  taken  before  going  to  pasture,  which  was  one  week 
ahead  of  the  intended  schedule  because  the  first  week  on  pasture  might 
result  in  a  temporary  reaction  to  growth  owing  to  the  ewes'  adjustment  to 
change  of  feed.  The  growth  periods  for  which  measurements  were  taken 
beginning  with  the  second  week  as  shown  in  Table  H  are: 


X8t  period a  weeks 

ad  period 4  weeks 

3d  period 3  weeks 


4th  period 13  weeks 

5th  period z6  weeks 

7th  period 13  weeks 


*  Acknowkdgmcnt  for  courteous  ooopemtkn  is  due  tomembcrsol  tlieSt&tioa  for  Bzperimcntal  Bvolntica 
d  the  Gsmegie  Institute,  notably  to  Dr.  C.  B.  Davenport  for  valuable  sugfcstions  and  critidam  fai  the 
P>nMiatkm  of  the  nuutuscript  and  to  Dr.  J.  A.  Harxis  for  recalcnlatinc  and  HifHring  the  tables  of  data. 
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planes :  *  One  f  onned  by  length  with  vertical  measurements  and  the  other 
by  length  with  transverse  measurements.  Length,  includes  four  units: 
(i)  Head»  (2)  neck,*  (3)  trunk,  and  (4)  croup.  Height  includes  four:  (i) 
Total  height,  (2)  chest  depth,  (3)  foreleg  length,  and  (4)  hindleg  length. 
These  transverse  measurements  were  taken:  (i)  Head  width,  (2)  chest 
width,  and  (3)  loin  width.  The  tmiformity  of  the  correlations  shown  in 
Table  III  suggests  that  loin  and  chest  widUis  reflect  either  directly  or  by 
correlation  the  relation  in  variability  between  length  and  width. 

CONFORMATION 

Accepting  the  length  of  the  vertebral  axis  as  the  best  linear  dimension 
with  which  to  compare  other  linear  dimensions,  we  can  separate  it  into 
three  distinct  divisions:  (i)  The  head,  (2)  the  neck,  and  (3)  the  trunk. 

From  the  economic  point  of  view  the  first  two  of  these  divisions  are 
unimportant,  since  they  contribute  no  material  value  to  the  carcass;  nor 
would  any  variation  in  their  conformation  within  normal  limits  produce 
any  material  change  in  the  quantity  of  fleece. 

Conformation  is  essentially  expressed  by  proportions,  in  which  size  as 
a  whole  plays  no  part  It  is  a  term  expressing  only  dimensional  relations, 
of  which  the  ratio  of  length  to  breadth  and  depth  are  the  most  important. 
In  a  general  way  conformation  may  be  divided  into  four  types.*  Assum- 
ing that  we  have  four  animals  of  equal  trunk  length,  we  may  designate 
these  classes  as  (i)  those  with  relatively  deep  but  narrow  bodies;  (2)  those 
with  relatively  broad  but  shallow  bodies;  (3)  those  with  bodies  that  are 
relatively  both  deep  and  broad;  and  (4)  those  with  bodies  that  are  both 
shallow  and  narrow.  By  these  types  as  a  basis  we  are  able  to  express  the 
general  traits  of  conformation  of  an  animal. 

What  the  specific  effect  of  any  variation  in  ratio  of  depth  to  leng^  or 
of  width  to  leng^  has  on  the  development  of  two  of  the  major  traits 
(constitution  and  mutton  form)  of  an  animal  remains  still  to  be  estab- 
lished empirically.  Experiments  under  way  here  along  this  line  suggest 
that  relative  depth  of  body  is  the  most  important  if  not  a  perfectly 
satirfactory  index  of  constitutional  development.*  On  the  other  hand, 
it  is  also  found  that  thick  flesh,  while  always  associated  with  relative 

^  Tbese  pbnes  areaho  tued  to  oontiast  differenoet  in  ooafonnatkn. 
s  Of  all  jMmmmonB  this  is  the  most  difficult  to  obtain  with  accuracy. 

*  These  of  course  repicsent  cacticmes  between  which  we  find  all  possible  degrees  of  intermediates. 

*  This  is  based  on  the  assumption  that  a  chest  cavity  whidi  b  deep  in  relation  to  body  circumference 
is  asaodatcd  with  relatively  larger  internal  capacity  for  performing  its  vital  functions  and  a  consequent 
Citater  ronsHtuHonal  vigor.  In  explanation  of  this  point  it  may  be  added  that  cross  sections  of  a  number 
cf  different  types  of  animals  show  entirdy  different  results  from  internal  measurements  of  cross  sec- 
tions than  might  be  expected  from  external  measurements.  While  extenud  measurements  are  a  good 
indfx  to  internal  conditions,  they  may  easily  be  misinterpreted  in  animals  with  a  heavy  covering  of  flesh. 
Ptntheimore,  an  animal  may  be  capable  of  developing  a  high  degree  of  mutton  (with  good  care  and  feed) 
*nd  not  possess  the  desirable  degree  of  constitutional  vigor,  or  the  revene  condition  may  be  found  as 
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TablB  I. — MMSurements  and  weights  0/62  sheep  when  14  and  when  280  days  old 


Item. 


HXR 

and 
SnXR 


Pure 
R. 


Aver- 
a<e 

days. 


Aver- 
age 
ataSo 
days. 


larged 

scale 

heicht. 


larged 

scale 

length. 


In. 


Number  of  animals 

A£e days. 

Weight pounds. 

Hei^t,  shoulder mm . 

Head  length mm. 

Head  wi£h mm. 

Neck  length mm. 

Trunk  length mm. 

Chest  depm mm. 

Qiest  width mm. 

Loin  width mm. 

Croup  length mm. 

Fofefeg  length mm. 

Ifindleg  length   mm. 

Ratios: 

Head  width 


56 

14 

385 
xxo 

80 
175 

320 

U5 
100 

P 

265 
300 


14 
14 
405 
120 
80 
17b 
330 
135 

?l 

315 


6a 

14 

15- a 

390 

"5 

80 

175 
320 
140 
100 

i: 

270 

305 


40 

280 

68.7 

575 

175 

"5 
285 
525 
260 
170 
120 
135 
395 
445 


40 
14 


40 
14 


575 
170 
120 
260 
470 
205 
150 
loS 

X20 
400 
450 


640 

185 

520 
230 
165 
"5 
130 
440 

500 


47-5 
52.2 
43.8 
62.9 
64. 1 

85.7 
70.0 

71-4 
68.8 

46.3 
45-9 


Head  length 
Fdreleg  length 
Trunk  len^K" ' 
Chest  width 
Chest  depth"* 
Chest  width 


Trunk  length 
Loin  width 
Trunk  lengffi""' 
Croup  length 
BuSETSSS'   ' 
Oiestdepfli 
Trunk  Icfligffi*' 
Hind  leg  length 
Trunk  length 


a  657 
.753 
.654 
.324 
.229 

.257 
•495 
.404 


a  70 
.846 
.717 
.317 

.  221 
•  250 
.442 
.962 


•Column  7  shows  the  percentage  ol  faicrease  from  m  to  ate  days.     It  is  therefore  equal  to  (column  4  — 
column  3)  •¥■  cohnrni  3. 

Columns  5  and  6  of  Table  I  show  the  average  conformation  of  all 
lambs  measured  at  exactiy  14  da3rs  of  age^  and  again  at  an  average  of 
280  days.  Owing  to  losses  and  sales,  the  number  represented  in  the 
older  lot  is  smaller  than  it  was  at  the  b^;inning. 

A  comparison  of  these  figures  shows  the  proportions  relative  to  height 
that  exist  in  conformation  at  these  respective  stages  of  growth.  These 
may  be  summarized  as  follows:  In  developing  from  14  to  280  days 
(oomparing  columns  5  and  4). 

1.  The  head  becomes  relatively  longer  and  narrower. 

2.  The  neck  becomes  relatively  longer. 
3-  The  tnmk  becomes  relatively  longer. 

_^Mtasoied  at  14  days  magnified  to  scale  of  height  at  ate  days,  colinnn  5.  and  to  scale  of  length  at  atedayt 
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/0O      gOQ     ^00    ^900    aOO 


no. i.^-Diaginiit  AowfaiC the pfopOftkoAte fiowth ol kmlM At  14 «im1  ttedsyr  i4,  width olhead, 
nd  loin  when  x4  days  old;  fi,  nme  when  180  d«yt  old;  C  hci^t,  depth  of  dMst,  length  of  left  and 
^hcn  i4d*ytold;  I>,  Mme  when  aaodftytold. 
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TablB  Il.—Avtroffe  measurements  and  ratios  cf  measurements  of  lambs  by  periods  (not 
including  pure  Rambouillet  sheep) 


Item. 


Age 


Age    I    Age 
4wcek8.!8i 


Age    I    Age 
weeks. 


Age 


Aie 


Interval    since   last    measurement, 

days 

Weight pounds. 

Height mm . 

Head  length mm . 

Head  width mm. 

Neck  length mm . 

Trunk  1(       ' 


length. 


Chest  depm mm . 

Chest  width mm. 

Loin  width mm . 

Ox>up  length mm. 

Foreleg  length mm. 

Hindleg  length mm. 


Ratios: 

Head  width 
Head  length* ' 
Oiest  width 
Trunk  length' 
Loin  width 
Trunk  length' 
Croup  length 
Trunk  length* 
Foreleg 


Trunk  length 
Oiest  depth 
Trunk  l^gth 
Trunk  length 
Height 
Chest  width 
Chest  depth* 


385 

no 

80 

175 
320 

us 

100 

II 

265 
300 


0-73 
31 
«3 
36 

83 

45 
83 
69 


14 

21-5 

415 
120 

85 
190 

365 
160 

"5 
80 

,11 

320 


a  71 
31 

32 
36 

77 
44 
88 

73 


38 

37-5 

475 

135 

95 

305 

440 
19s 
130 

95 
no 

310 
360 


a  70 
•30 

.  33 

•«5 

.70 

•44 
•93 
.67 


31 
450 

505 

HS 
100 

330 

475 
210 
140 
100 
120 
320 
375 


a  69 

30 

31 

67 

44 
94 
67 


91 

53-5 

545 

x6o 

105 
365 
500 
«35 
155 
no 
125 
360 
400 


X12 
660 

575 
175 
"5 
280 
520 
260 
170 

X20 

3il 

435 


a66 
•31 

.23 

•  «s 
.72 

•47 
.92 
.66 


0.66 
•33 
•23 
.36 

•73 
•SO 
•90 
.65 


67 
585 
185 

"5 
380 

540 
265 
175 

130 

395 
44S 


a67 

.33 
.93 

•as 
•73 
•49 
•9* 
.66 


The  curves  in  figure  2,  of  which  Table  II  forms  the  basis,  illustrate  this 
point  more  forcefully.  The  most  rapid  development  occurs  during  the 
earlier  stages  of  life,  decreasing  with  advancing  age,  as  would  be  expected. 
The  marked  feature  of  these  curves,  however,  is  the  fact  that,  allowing  for 
some  variations  between  different  dimensions,  they  show  such  an  exceed- 
ingly rafHd  growth  for  approximately  the  first  three  months.  This 
period  produces  at  least  50  per  cent  of  the  whole  year's  growth  in  dimen- 
sions and  over  60  per  cent  of  the  total  weight  increase  for  the  year  under 
normal  care.  In  the  following  three  months'  period  there  is  a  consid- 
erable decline,  probably  due  in  part  to  two  severe  temporary  checks  that 
occur  at  this  timein  this  locality,  the  first  occurring  when  the  lambs  go  out 
on  pasture  and  the  second  occurring  when  they  are  weaned.  Approxi- 
mately 20  per  cent  of  the  whole  year's  growth  is  the  limit  that  can  be 
expected  for  this  second  quarter.  There  is  about  an  equal  increase  in  the 
third  quarter  which  comes  during  the  fall  of  the  year  and  not  over  5  per 
cent  in  the  last  quarter,  or  winter  period. 
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Economically  this  is  a  matter  of  vital  importance  in  modem  methods  of 
sheep  husbandry.  It  emphasizes  the  fact  that  wider  ordinary  farm  con* 
ditions  the  possibilities  of  profits  are  greater  when  all  surplus  is  sold  off  at 
3  or  4  months  of  age.^ 

Full  structural  growth  (maturity)  is  probably  attained  near  the  end  of 
the  second  year  under  normal  conditions.  The  date  must  naturally  vary 
somewhat  with  different  breeds,  and  also  with  care  and  environment,  as 
exceptionally  favorable  conditions  of  feed,  climate,  and  health  accelerate 
growth,  resulting  in  early  maturity  with  a  regular  growth  curve,  whereas 


Pio.  9.— Onplia  ol  the  development  of  laiiibe. 

unfavorable  conditions  of  health,  feed,  and  climate,  which  are  incom- 
patible ¥dth  a  normal  growth  curve  earlier  in  life,  may  be  compensated 
by  growth  prolonged  beyond  the  normal  time  for  its  logical  termination.' 
If  the  potential  limit  of  size  of  these  animals  is  intermediate  between 
the  size  characters  of  their  adult  parentage,  then  the  measurement  at  280 
days  shown  indicates  that  75  per  cent  of  the  total  growth  has  been  com- 

^  RitacAN,  E.  O.  swss'  louc:  rrt  f  at  oontsnt  and  rblation  to  thb  okowth  ov  lambs.  In  Jour. 
Act.  RcMftxdi,  V.  8,  xio.  a.  p.  39-36,  z  fig.    19x7.    Literature  dted.  p.  35-36. 

WaTBSS,  H.  J.      TH«  CAPACRY  Of  ANXMAU  TO  CUROW  UNDBR  ADV8KSB  CONDITIONS.      In  PtOC.  99th  Ann. 

M cctbc  Soc.  From.  Agr.  Sd.,  1908,  p.  7X-96, 5  fig.    X908. 

.   TBS  iNn.nBNat  of  nutkxtion  upon  anhcaz.  fOKif .     In  Pnx.  30th  Axin.  Meeting  Soc.  Prom. 

^-  Sd.,  p.  70-98,  6  fig.    X909. 

MsNDBir,  h.  B.  mmuTiON  AND  GROWTH.  In  Hsrvey  Lectures  delivered  under  the  auspices  ol  the 
B^nrey  Sodety  of  New  Yoik,  s.  xo,  i9t4lis»  p.  xox-X3z.    X9X5.    Bibliography,  p.  xa8-x3x. 
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pleted  at  this  period  ^  in  aD  characters  except  chest  width  and  loin 
width,  which  have  attained,  respectively,  only  55  and  65  per  cent  of  thdr 
adult  state.  This  exception  is  quite  in  accord  with  general  observed  facts 
that  widening  continues  after  height  or  length  stature  has  been  com- 
pleted. All  the  other  curves  shown  in  figure  2  would  therefore  flatten 
during  the  second  year  even  more  than  during  any  previous  stage,  wiiidi 
is  quite  in  harmony  with  other  investigations  on  growth. 

CORRELATION  BETWEEN  CHARACTERS 

Three  types  of  correlations  are  shown  in  Table  III:  (i)  Those  between 
characters  representing  length,  (2)  those  between  characters  which  rep- 
resent length  and  depth,  and  (3)  those  between  characters  which  represent 
width.  The  degree  ci  correlation  is  shown  at  the  ages  ci  14  and  280  daySj 
respectively. 

TablB  111,^-Carrslaiions  between  the  body  measurements  cf  sheep 

BEAD  LSNGTH  RBLATIVS  TO  FORBLSO  L8NOTH  AT  14  DAYS  Ol^  A08 
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HBAD  LBNOTH  RSLATIVS  TO  VOmBLSG  L8NGTH  AT  280  DATS  09   AGS 
[r— 0.693^0^3] 
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CKcepdng  chest  width  and  loin  width. 
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TablB  III. — Correlations  between  the  body  measurements  of  sheep — Contmued 
HBAD  Tjts&m  Komnvn  to  trunk  lbnoth  at  14  days  of  aos 

[r-o.5S4±o.os9) 
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HBAD  I«BNGTH  RBLATIVB  TO  TRUNK  I«BNGTH  AT  280  DAYS  OP  AOB 

[f>— o.S37±o.076) 
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FORBLBO  LBNOTH  RBLATIVB  TO  TRUNK  LBNOTH  AT  Z4  DAYS  0»   AOB 

[f"  0.498  dbe.064] 
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Tablb  III. — Correlations  between  the  body  measurements  of  sheep — Gxntinued 

HINI>I«90  X9NGTH   RBI«ATIVB  TO   TRUNK  I^ISNOTH   AT   280   DATS   OP  AGS 

If— o.  474±  0.066) 
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CHBST  D8PTH  RBLATIV9  TO  TRUNK  LBNOTH  AT  14  DATS  OF    AGS 
Ir— o.  536±o^a) 
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Tablb  III. — Correlations  between  the  body  measwements  o/"  j^^— Continued 

H8IGHT  RBLAtlVK  TO  TRUNK  L8NOTH  AT  a8o  DAYS  OP  AGS 
[r-o.609db  0.067] 
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HEAD  WIDTH  RBLATIVB  TO  CHBST  WIDTH  AT  Z4  DAYS  OP  AGB 
[f<-o.477:to.066) 
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HBAD  WIDTH  RBLATIVB  TO  CHBST  WIDTH  AT  a8o  DAYS  OP  AGB 
[f"  0.6s  ±0.064] 


Head  width. 

Chest  width. 

«35 

X40 

X4S 

ISO 

X55 

x6o 

X65 

170 

175 

x8o 

X85 

X90 

X95 

too 

Total. 

90 

Z 

z 
0 

z 

4 
zo 

95 

.  .  . 

... 

... 

zoo 

Z 

z 

z 

. . . 

.  .  . 

105 

I 
I 
Z 

I 
I 

2 
Z 

.  .  « 

IIO 

2 

Z 

2 
z 

3 

4 
4 

115 

z 

Z 

z 

z 

3 

Z 

2 

120 

14 
8 

« 

z 

"5 

130 

I 

... 

• 

.  .  . 

Total 

T 

3 

2 

3 

4 

3 

3 

II 

2 

2 

3 

I 

3 

40 

Digitized  by 


Google 


Digitized  by 


Google 


Dec.  zo,  X917 


Nature  and  Rate  of  Growth  in  Lambs 


623 


TablB  III. — CorreloHons  between  the  body  measurements  of  sheep — Continued 

HBAD  WIDTH  RSLATIVB  TO  LOIN  WIDTH  AT  280  DAYS 

[f—o.58±  0.071) 


HCMl  width. 

Loin  width. 

95 

zoo 

zos 

zzo 

ZZ5 

zao 

xas 

X30 

I3S 

X40 

Total. 

00 

I 

I 

o«; 

0 

100 

I 

10? 

I 

z 
4 
I 
I 

I 

3 
5 
2 

4 
10 

J 

no 

I 

I 
3 

3 

I 
I 

I 

115 

I 

4 
I 

I 

14 
8 

120 

125 

I 

lao -  -     - 

X 

Total 

. . . . 

.... 

I 

2 

.... 

4 

8 

II 

8 

5 

I 

40 

SUMMARY  OF  DATA  ON  CORRELATIONS  BSTWBSN  BODY  MBASURBMSNTS 
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BACTERIAL-BLIGHT  OF  BARLEY 

By  L.  R.  Jones,  Professor  of  Plant  Pathology,  A.  G.  Johnson,  Assistant  Professor 

of  Plant  Pathology,  and  C.  S.  Rbddy,  Assistant  in  Plant  Pathology,  University  of 

Wisconsin, 

INTRODUCTION 

For  several  years  especial  attention  has  been  given  to  diseases  of 
barley  (Hordeum  spp.)  by  the  Department  of  Plant  Pathology  of  the 
University  of  Wisoonsin.  In  1912  a  peculiar  leafblight  was  observed 
at  Madison,  Wis.,  at  first  causing  considerable  damage  in  a  plot  of  two- 
row  Montana  barley,  later  appearing  on  the  adjacent  common  six-row 
varieties.  The  general  symptoms  indicated  that  it  was  a  bacterial 
disease,  and  laboratory  studies  strengthened  this  judgment.  The 
disease  has  recurred  in  the  departmental  plots  each  year  since  and  has 
been  observed  elsewhere  as  well,  but  it  was  not  until  the  summer  of  1915 
that  sufficient  critical  study  could  be  given  to  justify  publication.  These 
field  observations  and  laboratory  studies  show  that  this  is  a  widespread 
disease,  capable  of  producing  economic  loss,  and  is  caused  by  a  heretofore 
undescribed  bacterial  parasite. 

APPEARANCE  OF  THE  DISEASE 

On  the  leaves. — ^The  first  evidence  of  the  disease  which  has  been 
noticed  is  on  the  young,  green  leaves  in  the  form  of  small  water-soaked 
areas  which  later  enkuige.  In  nearly  all  cases  the  progress  is  chiefly 
longitudinal,  the  invasion  being  retarded  or  limited  by  the  veins.  Thus, 
the  more  prominent  lesions  may  assume  the  form  of  somewhat  irregular 
stripes  which  may  extend  in  certain  cases  the  full  length  of  the  blade 
and  sheath,  but  are  apparently  terminated  at  the  node.  Only  in  rare 
cases  has  a  lesion  been  found  on  the  culm.  The  most  vigorous  develop- 
ment results  when  the  invasion  occurs  along  the  midvein,  owing  appar- 
ently to  the  greater  thickness  and  succulence  of  these  parts.  In  such 
cases  the  striped  development  becomes  most  pronounced  (PI.  B,  2). 
Sometimes  two  or  more  stripes  may  develop  on  a  leaf,  giving  an  appear- 
ance somewhat  resembling  the  so-called  "stripe  disease"  of  barley  caused 
by  Helminthosporium  gramineum  (<?,  9).^  In  addition  to  these  stripe- 
like lesions,  which  are  the  more  common,  blotchlike  lesions  may  sdso 
occur.  At  times  these  may  involve  so  much  of  adjacent  leaf  tissue  as  to 
cause  the  entire  blade,  ot  considerable  portions  of  it,  to  shrivel  and  turn 
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light  brown.  Polldwing  infection,  the  invaded  tissues  sooner  or  later 
lose  their  normal  green,  passing  through  translucent  yellowish  to  brownish 
tints.  Translucency  is  indeed  so  constant  and  distinctive  a  character 
of  the  lesions,  even  in  the  later  brown  stage,  as  to  suggest  the  specific 
name  chosen  for  the  parasite. 

If  a  leaf  showing  a  strong,  freshly  developed  invasion  along  the  mid- 
vein  and  extending  down  the  sheath  (PI.  47,  B)  is  cut  sharply  across  at 
the  ligule  and  either  portion  squeezed  between  thumb  and  finger,  a 
milky-gray  droplet  appears  on  the  cut  surface.  Microscopic  examina- 
tion of  this  droplet  proves  it  to  be  teeming  with  bacteria.  If  such  or 
similar  lesions  are  cut  across  and  mounted  in  water,  the  bacterial  extru- 
sion may  be  readily  demonstrated  under  the  microscope.  In  a  rather 
advanced  stage  of  the  lesion  the  slime  expressed  between  thumb  and 
finger  as  referred  to  above  may  be  of  the  consistency  of  thick  cream, 
and,  when  exposed  to  the  air,  quickly  hardens  to  a  brittie  resinous  mass. 
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Ordinarily  the  effects  of  the  disease  are  not  serious  enough  to  be  very 
conspicuous,  causing  only  water-soaked  lesions  on  the  glumes  like  those 
on  die  leaves,  but  usually  with  less  exudate.  Such  blighting  of  the 
glumes  does  not  destroy  tlie  grain  as  a  rule,  although  the  kernels  may 
become  discolored  (brown)  and  more  or  less  stunted  or  shrunken.  The 
most  important  aspect  of  such  attacks,  which  will  be  discussed  in  a  later 
chapter,  relates  to  the  possible  overwintering  and  distribution  of  the 
disease  with  such  attacked  kernels. 

COMPARISON  WITH  SIMILAR   PREVIOUSLY   DESCRIBED   BACTERIAL 

DISEASES 

From  the  preceding  description  it  will  be  noted  that  this  bacterial- 
blight  of  barley  bears  some  similarities  to  certain  previously  described 
bacterial  diseases.    There  are  also  distinct  differences. 

Rdthay's  disease  of  orchard-grass,  caused  by  Aplanobacter  rathayii  B.  F. 
S.,  (jo,  V.I,  p.  171;  V.  5,  p,  155-160)  and  O'Gara's  disease  of  western  wheat- 
grass,  caused  by  Aplanobacter  agropyri  G'Gara  (6,  7),  both  have  a  charac- 
teristic exudate  which  is  yellow  in  color  and  is  produced  in  much  greater 
abundance  than  in  the  case  of  the  disease  on  barley.  While  those  dis- 
eases are  most  conspicuous  on  the  inflorescences  and  upper  leaf  sheaths 
the  disease  on  barley  occurs  chiefly  on  the  leaf  blades,  with  distinct  lesions, 
first  on  the  lower  leaves,  then  progressing  upward,  and  usually  less  prom- 
inently on  the  heads.  Culm  and  head  distortions  occasionally  occur  with 
barley  in  a  manner  somewhat  similar  to  those  with  Rdthay's  and  with 
O'G^ra's  diseases.  Futhermore,  while  the  diseases  of  orchard-grass  and 
western  wheat-grass  are  caused  by  nonmotile  organisms,  the  disease  of 
barley,  as  will  be  brought  out  later,  is  caused  by  a  motile  organism. 

Manns's  bladebUght  of  oats  (4)  is  characteristically  different,  both  as 
originally  described  and  as  observed  by  the  writers,  from  the  bacterial- 
blight  of  barley  treated  in  this  paper.  While  both  diseases  produce 
local  infections  in  a  somewhat  similar  manner,  the  bladeblight  of  oats,  as 
far  as  noted  by  the  writers,  is  commonly  characterized  by  a  rather  wide, 
conspicuous,  Ught-colored,  halo-like  margin  about  the  lesions  on  the  leaf 
blades,  well  shown  by  Manns  (4,  PL  XIII,  fig,  i  and  3).  Characteristic 
lesions  of  this  type  have  been  produced  on  oats  by  inoculating  with  pure 
cultures  of  what  the  writers  take  to  be  Pseudomonas  avenae  Manns,  iso- 
lated from  oats.  Thus,  the  characteristic  lesions  on  oats  are  distintly 
different  from  those  on  barley,  as  previously  described,  the  light-colored, 
halo-like  margin  not  occurring  on  the  barley.  The  causal  organisms  are 
also  different  P.  avenae,  as  described  by  Manns  and  also  as  isolated  by 
the  writers,  is  white  in  culture,  monotrichous,  and  pathogenic  on  oats. 
"Hie  writers  find  it  nonpathogenic  on  bariey.  The  causal  organism  of 
the  disease  on  barley  studied  by  the  writers  is  yellow  in  culture,  mono- 
tridious,  and  pathc^genic  on  barley,  but  not  on  oats.    The  writers  con- 
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This  disease  has  been  noted  and  collected  on  a  large  n'lmber  of  strains 
of  barley  including  some  52  named  varieties,  in  addition  to  a  large  number 
of  unnamed  hybrids  and  unclassified  imported  stocks.  It  has  been 
definitely  observed  on  the  three  main  groups  of  barley:  namely,  the 
Hordeiim  distichum  group  (two-row  barleys) ,  the  H.  vtdgare  group  (common 
six-row  barlejrs) ,  and  H,  hexastichum  group  (erect  six-row  barle)rs) .  These 
observations  are  summarized  in  Table  I. 

In  connection  with  these  studies  the  question  has  been  constantly  kept 
in  mind  as  to  the  occurrence  of  this  or  like  diseases  on  other  grains.  As  a 
result  similar  bacterial  diseases  have  been  found  on  wheat  (TrUicum  spp.) , 
spelt  (Triticum  spelia),  rye  (Secale  cereale),  timothy  {Phleum  pratense), 


9^  s.«OiitHiw  map  showfaic  kncmn  dktribatioo  of  bwterial^O^^ 

and  oats  {Avena  sativa).  In  each  case,  except  that  of  timothy,  the  bac- 
terial parasite  has  been  isolated  and  the  disease  reproduced  by  inoctdation 
and  the  parasite  recovered. 

With  the  exception  of  the  bladeblight  of  oats  the  S3rmptoms  of  these 
diseases  are  so  similar  as  to  be  easily  considered  identical  with  the  barley 
blight.  Detailed  study  of  the  organisms,  however,  shows  them  to  be 
different  from  that  of  barley.  Work  in  connection  with  these  is  still  in 
progress,  and  the  results  will  be  presented  in  subsequent  publications. 

VARIETAL   SUSCEPTlBILrrv 

Observations  have  been  made  in  the  trial  plots  of  the  Office  of  Cereal 
Investigations,^  United  States  Department  of  Agriculture,  at  Highmore, 

'  Tbe  writcra  wish  in  this  ooimccCiaa  to  express  Uaeir  •ppredatioo  for  oourtcsies  extended  by  the  Tariout 
'C'nM  eooocmed  «t  tbeae  I 
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S.  Dak.,  St.  Paul,  Minn.,  and  to  some  extent  at  Moccasin,  Mont.,  and 
Williston,  N.  Dak.  (see  Table  I).  In  all  cases  special  attention  was 
given  to  the  virulence  of  the  dis^tse  on  the  dififerent  varieties  of  barley 
upon  which  it  occurred.  The  differences  noted  are  indicated  in  the 
table  as  follows:  "O"  is  reserved  for  absence  of  the  disease;  "+" 
indicates  very  meager  occurrence,  yet  definitely  observed;  a  figure  in 
the  numerical  range  from  i  to  10  is  used  to  represent  the  degree  of 
infection  in  any  particular  plot  as  compared  to  that  in  other  plots. 
As  standards  "  i "  is  used  to  represent  the  condition  where  infection  was 
very  slight — ^that  is,  no  spedal  search  being  necessary  to  find  the 
disease;  it  being  present  in  small  amounts  on  a  considerable  number 
of  plants  in  whatever  part  of  plot  noted;  "  10"  is  reserved  to  represent 
a  very  abundant  infection,  where  every  leaf  on  every  plant  was  very 
severely  attacked.  The  intervening  numbers  between  i  and  10  are 
used  to  represent  the  respective  intervening  conditions. 

TablB  I. — Bacterial-blight  of  barley:  Varietal  range  and  suscepHhiliiy 


Variety. 

S.  Dak. 

St.  Paul. 
Minn. 

Moccasin. 
Mont. 

WilUstoa. 
N.Dak. 

Madison. 
Wis. 

Akran. 
O)lo. 

Hordeum  distichum  group: 
Benzin 

6 

Black  Ecrvotian 

5* 
5 

4 

Bohemian 

Chevalier   

Chevalier,  Scotch 

-f 

Frankstein 

6 

I 

6 
4 

Golden  Melon 

Gold  Foil 

Hanna 

8 

4 
4 

•» 

Hannchen 

+ 

Highland  Chief 

a 

Holland 

6 
6 

7 
4 
5 
4 
4 
5 

Horn 

Moravian 

Ouchac  . 

Primus     

5 
4 

Princess 

Pioskowetz 

Scholeys  . 

Smyrna 

2 

2 

Streigum 

5 

I 

SvMinals. , . . 

Hordeum  vulgare  group: 
Abyssinian 

4 

Albacete 

6 

Bav  Brewinsr 

9 
8* 

Bddf^!':.... :::::::::: 

6 

8 

6 

Benzin 

Bernard 

4 

Blue 

2 

California  . 

+ 

California  Prolific ». . 

4 

Caucasian 

4 

r^iticHWk  TiirlrMd-flfi 

9 

Ctizco 

6 

4 

Daniel's 
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Higiniofe, 
S.D«k. 

St.  Patil, 
Minn. 

Hoccasin. 
Mont. 

WUUstoa. 
N.DiOc. 

M#<f4«~*. 

AknM. 

Variety. 

Wis. 

^Sr 

Hordeum  vulgare  group — Con. 

Kagle .  .  , 

8 

2 

Featherston 

6 

0<»tfttpi 

5 

I^uth      

4 

2 
2 

MAnrhiirian 

Minncrflota  tot 

4 

2 

Oderbrucker 

4 
4 

4 
4 
4 

+ 

Olpsfm                    

6 

Peru      

8 

Poda 

Red  River   

Summit . 

WillistonC.I.882 

4 

Wisconsin  5 

+ 

Wisconsin  14 

4 
6 

Mariout 

3 

Williston  Selection  17 

4- 

While,  at  each  of  the  above-mentioned  places,  a  number  of  other 
varieties  of  barley  were  observed  to  be  free  from  bacterial  blight,  a 
possible  indication  of  some  degree  of  resistance,  no  mention  is  made  of 
these  in  Table  I,  since  no  experimental  tests  have  been  made  on  them 
as  yet  in  this  r^;ard. 

These  observations  indicate  that  the  bacterial  blight  is  widespread  in 
its  occurrence,  and  is  probably  to  be  found  in  all  barley-growing  sections 
of  the  United  States.  It  seems  to  be  considerably  more  prevalent  and 
destructive  in  the  Dakotas  than  farther  east.  It  attacks  all  three  groups 
of  barley  without  evident  preference.  Within  a  group  these  is  evidently 
a  difference  in  relative  susceptibiUty.  For  example,  in  the  vulgare  group, 
Oderbrucker  seems  to  be  less  susceptible  than  Beldi,  and  in  the  disUchum 
group,  Hanna  seems  somewhat  more  susceptible  than  Chevalier.  The 
observations  here  recorded  were,  however,  not  suflSdently  extended  to 
justify  any  close  final  comparisons  as  to  such  varietal  rankings  in  r^;ard 
to  relative  disease  res^tance. 

THE  ORGANISM 

ISOLATION   AND  REINPBCTION 

The  freshly  invaded  tissues  as  well  as  the  exudate  are  teeming  with 
bacteria  and,  after  acquaintance  with  the  specific  organism,  little  diffi- 
culty has  been  experienced  in  isolating  it  from  either  source.  As  illus- 
tiating  method  and  results,  the  following  may  be  cited:  A  strong, 
succulent,  lower  leaf  was  selected  showing  natural  midvein  infection 
^tending  down  past  the  ligule.  This  lesion  was  in  the  earlier  stages 
^  rapid  development  and  showed  the  characteristic  water-soaked  appear* 
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ance.  The  leaf  was  washed  carefully  m  sterile  water,  dipped  into  95 
^  per  cent  alcohol  for  a  few  seconds,  and  rinsed  well  in  sterile  water.    The 

^.  leaf  was  then  cut  across  with  a  sterile  scalpel  at  the  ligule  where  the 

midvein  is  thickest.    This  thickened  portion,  when  cut  thus,  exposed 

'<  two  comparatively  large,  interior  surfaces  practically  free  from  external 

r.  contaminations.     By  gentle  pressure  on  the  midvein  a  small  drop  of 

•  the  milky  gray  bacterial  dime  was  forced  from  the  interior  to  the  cut 

surface.    This  was  touched  with  a  sterile  platinum  needle  and  agar 

^  strokes  made.    Eight  such  cultures  were  made  and,  within  three  days 

,^i  at  room  temperature,  these  gave  similar  growths,  all  apparently  domi- 

-?  nated  hv  one  nror&nism.      Plates  nnured  frntn  one  of  these  cultimes  frave 
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incubated  for  two  hours  in  bouillon.  The  organism  was  subsequently 
obtained  from  this  by  platings  and  its  pathogenicity  proved  by  inocu- 
lations (PI.  B,  4;  49,  B). 

Further  details  regarding  inoculation  experiments  are  given  in  a  later 
chapter. 

MORPHOLOGY 

Both  in  the  host  plant  and  in  culture  media  the  organism  is  a  shorty 
actively  motile  rod,  usually  single  or  in  pairs  except  in  nutrient  pepto- 
nized beef  broth  containing  2  per  cent  of  sodium  chlorid,  in  which  it 
forms  long  nonmotile  chains.  Growing  on  peptone  beef  agar  (3-day- 
old  cultures),  the  organism  measures  0.5  to  0.8  by  i  to  2.5  /*  when  stained 
with  gentian-violet  or  ZiehPs  carbol-fuchsin.  It  stains  less  readily  with 
I/)e£9er's  methylene-blue. 

No  spores  have  been  definitely  seen.  Capsules  are  formed  on  agar 
and  in  milk.  The  organism  is  motile  by 
means  of  a  single  polar  flagellum.  Re- 
peated stainings  for  flagella  both  by 
V.  A.  Moore's  modification  of  Loeflfler's 
method  and  by  Zettnow's  method  agree 
in  showing  the  monotrichous  character 
of  the  organism  (fig.  2).  It  is  Gram- 
negative  and  not  acid-fast. 


CULTURAL  CHARACTERS 

Fio.  a.^BacUrium  kanslucens:  from  96-hoitr 

Unless    otherwise     specified,    these      ^rowthonpoutowrtaincdbyzettnow't 

,  ,  ,.     *  .  *  method  to  show  flagella.    X  a.ooo. 

have  been  studied   at  approximately 

25^  C,  a  temperature  favorable  for  the  organism.  Reference  to  reaction 
of  media  is  made  in  terms  of  Puller's  scale.  Unless  otherwise  noted  all 
reactions  were  determined  by  titration  with  phenolphthalein  as  indi- 
cator, following  boiling  of  solution  tested.  Notations  of  color  have  been 
made  in  comparison  with  Ridgway's  Color  Standards.^ 

Agar  pourbd  platbs.— On  peptone-beef  agar,  reaction  -}-io,  colonies  appear  in 
48  to  60  hours  and  at  end  of  four  days  are  i  to  5  mm.  in  diameter,  circular,  smooth, 
shining,  and  amorphous  except  for  inconspicuous  somewhat  irregular  concentric 
striations  within  the  colonies."  Margin  entire.  Colonies  are  wax-yellow  tinged  with 
old-gold  in  color,  soft  but  not  viscid  in  consistency.  Buried  colonies  are  lenticidar 
or  granular  (PI.  48,  C). 

Agar  stabs. — Stabs  in  +10  peptone-beef  agar  when  3  days  old  show  a  raised, 
smooth,  shining,  wax-yellow,  opaque  surface  growth  5  mm.  in  diameter.  Growth  is 
only  at  the  surface. 

*  RiDWAY,  Robert.    coi«or  standards  and  color  nomsno^ture.    43  P**  53  col.  pL    BtbUograpliy* 

P*  4*-43*    19X3* 

'  These  stiiatioos  within  the  oolooies  are  evident  only  under  slight  magnifioition,  about  Xio.  and  under 
f^vvible  Ugfating;  eemldirect  lighting  beit.  These  striations  are  so  inconspicuous  as  to  have  been  over- 
Iwfced  by  the  writers  unUI  Dr.  Brwin  P.  Smith,  of  the  Bufeaa  of  Plant  Indnitry.  called  attentka  to  limilsf 
cotey  stmcture  in  a  doody  related  organism. 
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Optemum  RBAcnoN  AND  TOLBRAHON  UMiTS. — Peptonized  beef  bouilkm  was  used 
with  sodium  hydrate  as  the  alkali  under  test  and  hydiochloric  as  the  add.  Bouillons 
were  prepared  titrating  +25,  -}-2o,  +io,  +5,  o,  —20,  and  —30,  and  uniformly  inocu- 
lated from  a  4-day-old  bouillon  culture.  At  the  end  of  48  hours,  growth  was  evident 
in  + 10,  +5  >  and  o.  Clouding  was  weak  in  the  o  bouillon  at  this  time,  but  the  +5  and 
+10  were  heavily  clouded.  At  the  end  of  four  days  a  pellicle  was  evident  on  the 
+10  tubes.  The  +5  later  formed  a  weak  pellicle,  but  none  formed  on  the  o.  Gradual 
clearing  began  on  the  fifth  day,  but  the  cultures  never  cleared  entirely.  The  sediment 
in  the  + 10  was  somewhat  fiocculent,  but  in  the  +5  and  o  it  had  more  of  a  slimy,  stringy 
consistency.    None  of  the  other  reactions  showed  any  growth. 

It  seems  evident,  therefore,  that  +10  Puller's  scale  represents  the  optimum  reaction 
and  that  the  organism  is  highly  sensitive  to  both  alkali  and  acid. 

Another  test  was  made  of  add  toleration,  using  +10  bouillon  as  the  basic  medium, 
to  which  was  added  o.i  and  0.2  per  cent,  respectively,  of  malic,  tartaric,  and  citric 
adds.  The  cultures  were  kept  under  observation  for  20  da3rs  following  inoculation, 
but  no  growth  was  observed  in  any  of  the  addulated  tubes. 

Uschinsky's  solution.— a  moderate,  uniform  douding  was  noticeable  on  the 
fifth  to  eighth  day.  The  clouding  never  became  heavy  and  no  pellide  was  formed. 
There  was  slight  change  in  the  mediiun.  Only  a  slight  yellow  tinge  was  given  to  it 
and  a  small  amount  of  yellow  sediment.  The  bacteria  formed  long  chains  in  this 
medium. 

Fbrmi's  sdLunoN. — ^No  growth. 

Cohn's  soujtion.— No  growth. 

Starch  agar. — ^No  evidence  of  diastasic  action  on  potato  starch  suspended  in 
peptone-beef  agar,  tests  being  made  with  potassium  iodid-iodin. 

Reduction  of  nitrates. — Cultures  in  nitrate  bouillon  were  tested  with  Tromms- 
dorf 's  reagent,  first  after  24  hours  and  repeatedly  thereafter,  and  gave  negative  tests  for 
nitrites.  At  the  end  of  30  da3rs  the  cultures  gave  strong  tests  for  ammonia  and  nitrates 
but  negative  test  for  nitrites.  It  is  doubtful  if  nitrates  are  reduced,  since  good  tests  for 
ammonia  are  obtained  from  bouillon  which  does  not  contain  potassiiun  nitrate. 

Indol. — ^Tests  in  peptonized  Uschinsky's  solution  and  in  peptone  water  at  the 
end  of  two  weeks  and  four  weeks  showed  slight  indol  production.  B.  coH  run  in 
comparison  showed  much  stronger  indol  production. 

Methylbnb-blub  in  milk. — Reduction  is  slow,  first  evident  at  end  of  three  weeks. 
At  end  of  two  months  the  cultures  are  white  except  for  a  surface  layer  and  some  sedi- 
ment which  is  blue. 

Bu>OD  SERUM. — Stroke  cultures  on  I/)effler's  blood  serum  gave  a  moderate,  wax- 
yellow,  glistening,  smooth,  convex,  filiform  growth.    Medium  not  liquefied. 

Aerobism.— The  otganism  appears  to  be  strictly  aerobic.  It  does  not  grow  in  the 
closed  end  of  fermentation  tubes  with  any  of  the  carbon  foods  tested.  No  growth 
occurs  in  the  lower  end  of  stab  cultures  of  agar  or  gdatin.  Shake  cultures  of  agar 
diofwed  growth  at  or  near  the  surface  only. 

Lmcus  AGAR  WTTH  SUGARS. — On  Utmus-lactosc  agar  stroke  cultures  there  is  abun- 
dant growth  and  the  medium  becomes  somewhat  bluer,  probably  due  to  production 
of  adds  and  ammonia,  the  ammonia  a  little  in  excess.  The  same  may  be  said  about 
the  growth  on  litmus-maltose  agar. 

On  litmus-dextrose  agar  stroke  cultures  there  is  very  abtmdant  growth,  slight 
bluing  along  the  stroke,  reduction  to  an  amber  color  in  two  weeks. 
Optimum  reaction  for  growth  is  +10  Puller's  scale. 

TEMPERATURE  RELATIONS 

In  -f  10  peptone  beef  bouillon  the  optimum  temperature  was  26®  C 
or  slightly  above.  No  growth  was  secured  at  36^,  and  only  part  of  the 
tubes  douded  at  35®.    Slow  growth  occurred  at  10®;  none  at  6®.    Nu- 
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merous  trials  show  the  thennal  death  poiiit  of  2-bour  cultures  made  from 
48-hour  cultures  to  be  apparently  about  50^.  In  the  case  of  old  cul- 
tures growth  has  been  obtained  and  pathogenicity  of  organism  proved 
after  a  lo-minute  exposure  to  55^,  indicating  the  development  of  a 
slightly  more  resistant  type  of  cell  under  these  conditions. 

DESICCATION 

The  organism  is  highly  resistant  to  dr3ang  as  it  occurs  normally  m  the 
host  tissues,  since,  as  previously  explained,  it  has  been  isolated  from  dried 
herbarium  specimens  of  leaves  8  months  old  and  it  may  live  on  the 
seed  at  least  two  years.  It  also  survives  long  on  culture  media.  When 
dried  on  sterile  cover  glasses  it  seems  more  sensitive.  Thus,  a  young 
well-clouded  bouillon  culture  was  diluted  with  equal  parts  of  sterile 
water  and  a  full  2-mm.  loop  transferred  to  each  of  a  series  of  sterile 
cover  glasses  and  these  dried  in  a  sterile  chamber.  When  tested  by 
plunging  these  in  broth  at  intervals,  it  was  found  that  most  perished 
within  24  hours,  and  all  within  two  days. 

SUSCBPTIBILITY  TO  MERCURIC  CHU)RID 

Various  tests  have  shown  the  organism  to  be  very  sensitive  to  mercuric 
dilorid. 

TECHNICAL  DESCRIPTION 

On  the  basis  of  the  foregoing  studies  the  parasite  in  briefly  charac- 
terized as  follows: 

Bacterium  translucens,  n.  sp.^** 

Cylindrical  rods  rounded  at  ends,  solitary  or  in  pairs;  mdi vidua!  rods  0.5  to  0.8  by 
I  to  2.5  M»  motile  by  a  stn^  polar  flagellum;  aerobic,  no  qxieea. 

Superficial  colonies  in  peptone-beef  agar  plates  round,  smooth,  shining,  amorpboos 
except  for  inconspicuous  somewhat  irrq;ular  concentric  striations  within,  wax-yel- 
low tinged  with  old-gold;  margin  entire. 

Liquefies  gelatin  slowly;  produces  slight  acidity  in  milk;  digests  casein;  nitrates 
not  reduced;  add  produced  in  cultures  with  various  sugars.  No  gas  prodoced. 
dam-negative.    Group  number  211.2222532. 

Pathogenic  in  leaves  of  Hordeum  vulgare,  H.  distickum,  H.  hexastickum,  forming 
translucent  elliptical  to  striaform  lesions. 

Type  locality:  Madison,  Wis.,  on  Hordeum  vulgare. 

Distribution:  Northern  Mississippi  Valley  and  westward  to  Pacific  coast. 

1  Acoordins  toMisnkt't  ckstifioitian,  the  onmWnatfan  would  be  Pseudowumat  traiuluems,  n.  sp. 

s  Bactoftam  tnoshiceot,  tp.  nov..  aerobiom,  asponim;  ookmiis  cum  ttriis  Inoonapicob  intenis  ali- 
quid  iircgnkribtit  oooocBtricisque;  bacnlit  cyttadrids  apkibiit  rottrndatis,  aolitariit  vd  Unir.  bacafii 
ringnlia  0.5— o.8Xs.o— s.s  m>  flaseHo  nno  pokre  moUUbna. 

Ooloniae  superfidaks  in  agar-agar  rotimdae,  levea,  nitentea,  meOeae.  Uqadadt  gehtfaam  Icnte.  IM 
ftcrile  addtun  iadt;  casefai  aegregat.  NHmm  noo  redigtt.  Culturae  in  mediia  com  aaodiaro  sMchari, 
•aodwro  uvae,  aacdiaro  lacda  addae  fiont.    Gat  noo  fadtur.   Hetliodo  Grand  noo  oolocatnr. 

Habitat  in  IbUiaviviaHor^'vMjfvw,  H,  distkki.  H.  Acxwfkli  in  UneiavcliBaailiatnaaliioeiitibe. 

Madison,  WiaoQttsin.   Amer.bor. 
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INOCULATION  EXPERIMENTS 

On  BARirBY. — ^The  disease  has  been  reproduced  on  barley  with  the 
characteristic  S3maptoms  by  artificial  inoculation  and  the  original  organ- 
ism recovered.  While  a  considerable  percentage  of  infections  have  re- 
sulted where  wound  inoculations  were  made,  the  best  results  and  those 
leading  to  the  typical  lesions  have  followed  the  spraying  of  the  organisms 
in  watery  suspension  upon  yoimg  uninjured  leaves. 

The  following  details  of  one  of  the  earliest  series  of  inoculations  illus- 
trates this: 

Beldi  barley  was  sown  in  6-inch  pots,  and  on  June  28,  1915,  when  the 
vigorous  young  growth  was  about  4  inches  high,  four  uniform  pots,  each 
containing  about  25  plants,  were  selected  for  experimental  uses.  Of 
these  pot  I  was  inoculated  by  atomizer  spray  with  a  water  suspension  of 
the  organism  obtained  as  follows:  A  pure  culture  of  the  organism  was 
plated  out  from  the  milky  ooze  squeezed  from  a  typical  leaf  midvein 
lesion.  Sterile  water  was  poured  into  an  agar  tube  streak  culture  and 
the  bacterial  growth  allowed  to  di£fuse  into  this,  which  was  then  used  to 
spray  upon  the  young  barley  plants.  In  pot  II  a  wound  inoculation  was 
made  on  the  first  green  leaf  of  each  plant.  This  was  done  by  touching 
with  the  needle  the  bacterial  growth  of  a  young  agar  streak  culture  of 
the  same  source  as  described  above.  With  this  n^dle  a  slight  wound 
was  made  about  midway  the  leaf,  in  the  midvein  or  near  it,  the  attempt 
being  to  puncture  but  one  epidermal  layer  and  to  avoid  a  perforation 
through  the  entire  leaf.  In  pot  III  wound  inoculations  were  made  as  in 
II  except  that  the  inoculation  needle  was  dipped  directly  into  the  milky 
ooze  squeezed  from  a  typical  barley  leaf  midvein  lesion.  Pot  IV  was 
held  as  a  control,  the  pkmts  being  wounded  as  in  II  and  III,  but  with 
sterile  needle. 

These  pots  of  barley  plants  had  all  been  grown  in  the  greenhouse  pre- 
vious to  inoculation  and  were  kept  there  in  a  damp  chamber  for  24  hours 
following  this,  then  transferred  to  the  open  garden.  The  pots  were  here 
sunken  to  the  soil  level  and  thus  given  normal  outdoor  exposure,  the 
weather  being  warm  and  rather  dry. 

Infection  was  noted  in  pots  I,  II,  and  III  on  July  7,  an  incubation 
period  of  nine  da)^.  There  was  no  infection  in  IV.  On  July  9  pot  I 
showed  approximately  100  per  cent  of  plants  infected,  II  approximately 
40  per  cent,  III  about  20  per  cent,  and  IV  no  plants  infected.  After  the 
occurrence  of  splashing  rains,  secondary  infections  appeared,  and  at  the 
end  of  a  month,  when  these  were  at  their  height,  pots  I,  II,  and  III 
showed  a  like  condition,  with  abundant  lesions  on  practically  every  plant, 
whereas  the  control,  pot  IV,  showed  only  four  or  five  recently  devdoped 
lesions.  Since  pot  IV  was  only  18  inches  removed  from  the  nearest  in- 
fected pot  and. fully  exposed  for  the  month,  splashing  rains  were  held 
responsible  for  these  few  late  infections. 
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On  July  7  wound  inoculations  were  repeated  (Bddi  barley,  4  inches 
high),  making  a  single  prick  with  a  very  fine  needle  into  a  single  marked 
leai  on  each  plant  in  the  pot;  plants  were  transferred  to  the  open  garden 
immediately  following  inoculation,  no  artificial  means  being  used  to 
increase  aerial  moisture.    About  90  per  cent  of  infection  resulted. 

In  another  series  of  inoculations,  in  which  pot-grown  greenhouse  plants 
were  used,  a  small  drop  from  a  young  broth  culture  of  the  organism  was 
placed  on  each  leaf  and  the  epidermis  underneath  punctured  in  one  place 
with  a  fine-pointed  needle.  The  plants  were  kept  in  the  greenhouse  in  a 
rather  humid  atmosphere.  Water-soaked  infection  areas  appeared  just 
above  the  pricked  spot  in  four  da)^,  one  of  the  shortest  incubation 
periods  we  have  noted.    This  series  gave  100  per  cent  of  infection. 

Barley  was  planted  in  rows  in  the  open  garden  on  July  15.  On  July 
22,  when  the  seedlings  were  about  i  inch  high,  they  were  inoculated  by 
spraying  with  a  water  suspension  of  pure  culture.  No  shading  or  cover 
was  used,  but  the  weather  was  moist.  On  July  28  the  first  infections 
were  noted,  an  incubation  period  of  six  days  under  normal  outdoor  con- 
ditions. On  July  30  the  lesions  were  numerous  and  typical,  with  an 
abundance  of  liquid  exudate  (PI.  47,  A). 

In  other  cases  abtmdant  infections  have  been  obtained  by  similarly 
spraying  older  plants  (8  to  25  days)  in  the  open  without  subsequent 
covering. 

These  results  show  that  infection  is  easily  secured  under  normal  envi- 
ronmental conditions  without  artificially  rupturing  the  epidermis.  It  is 
noteworthy  that  the  application  of  the  organisnis  with  the  atomizer 
insures  better  results  than  wound  inoculation.  Probably  this  is  due  to 
the  rapid  drying  out  of  the  wounded  tissues  when  the  ptmcture  method 
is  employed.  Another  interesting  outcome  is  the  lesser  percentage  of 
success  where  the  inoculations  were  made  by  direct  transfer  of  the  bac- 
terial ooze  from  infected  tissues  as  compared  with  pure-culture  inocula- 
tions. This  is  possibly  due  in  part  to  the  low  degree  of  vitality  of  the 
organisms  in  such  direct  transfer.  It  may  be  in  part  attributed  to  the 
fact  that  such  ooze  hardens  very  quickly  upon  exposure,  thus  imprisoning 
the  organisms  temporarily  at  least;  and  meanwhile  the  tissues  in  the 
wounded  spot  dry  out  to  a  degree  unfavorable  to  infection. 

On  other  grains. — Several  trials  were  made  to  infect  other  cereals 
with  this  organism.  Two  series  of  inoculations  were  run  on  barky, 
wheat,  rye,  oats,  spelt,  emmer  (Triticum  dicoccum)  einkom  (Triiicum 
monococcum),  and  timothy,  and  a  number  of  different  series  on  barley, 
wheat,  rye,  and  oats.  All  gave  uniformly  negative  results  except  in  the 
case  of  barley  which  was  in  every  instance  heavily  infected.  Cross- 
inoculations  with  this  and  other  cereal-blight  organisms  have  been 
briefly  reported  previously  (j),  and  work  in  connection  with  these  is  stiD 
in  progress. 
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RELATIONS  TO  HOST  TISSUE 

A  study  of  razor  sections  of  the  lesions  as  they  occur  in  fresh  leaves 
show  the  general  facts  to  be  as  follows:  The  bacterial  invasion  is  in  the 
parench3ana.  The  parench3maa  cell  walls  become  di^tegrated  and  in 
the  interior  tissues  long  rifts  result,  which  extend  lengthwise  of  the  leaf 
blades.  In  such  lesions  the  bacterial  slime  fills  the  interior  cavities, 
expelling  the  air;  hence,  the  translucency  of  the  invaded  areas.  Later 
this  bacterial  slime  hardens  to  a  resinous  texture,  making  the  translucent 
condition  a  permanent  characteristic  of  the  older  lesions. 

For  detailed  histological  studies  material  was  secured  from  recently 
infected  young  barley  leaves.  These  had  been  inoculated  by  spra)ring 
with  a  water  suspension  of  a  pure  culture  and  showed  numerous  smaU 
translucent  infection  areas.  Pieces  of  these  were  fixed  in  boiling  absolute 
alcohol  saturated  with  mercuric  cholorid,  embedded  in  paraffin,  and  sec- 
tioned. Such  sections  stained  with  carbol-fuchsin  showed  infections  to 
be  stomatal.  In  some  cases  the  invasion  was  as  yet  confined  to  the 
stomatal  chamber  which  might  be  only  partially  occupied  or  crowded 
full  of  the  organisms.  Numerous  cases  showed  intercellular  invasions  in 
the  parenchjnna  in  the  early  development  of  the  lesions.  In  other  cases 
later  stages  were  in  evidence  where  the  bacteria  had  developed  in  large 
masses,  evidently  spreading  from  the  stomatal  chambers  through  the 
intercellular  spaces,  crowding  apart  and  crushing  the  pamchyma  cells. 
Instances  of  advanced  invasion  were  found  where  the  cell  walls  had  par- 
tially disappeared,  but  the  details  of  wall  solution  have  not  received  a 
critical  study  as  yet.  In  the  older  lesions,  as  noted  above,  there  occur- 
re<^  long  cavities  filled  with  the  bacterial  growths.  It  is  from  such  cavi- 
ties in  the  advanced  stages  of  the  lesion  that  the  bacterial  slime  may  be 
squeezed  out  which  has  been  the  source  of  material  for  the  isolation  and 
inoculation  work  previously  described. 

OVERWINTERING  AND  DISSEMINATION 

The  fact  that  the  disease  may  attack  the  heads  early  in  their  develop- 
ment has  already  been  pointed  out.  The  gliunes  may  show  water- 
soaked  areas  like  those  on  the  leaves  and,  upon  these,  drops  of  the  bac- 
terial exudate  may  appear  and  harden  into  tiny  resinous  granules  or 
spread  as  a  glistening  film.  Observation  of  these  facts  at  once  suggested 
two  questions,  each  of  much  importance,  (i)  How  much  is  the  grain 
checked  or  injured  by  such  attack?  (2)  Does  the  organism  overwinter 
on  such  grains  or  other  barley  tissues? 

As  to  the  first,  the  writers'  observations  have  failed  to  detect  any 
case  where  the  grains  are  killed,  although  in  certain  cases  there  may  be 
considerable  injury.  Although  they  may  be  more  or  less  shruiiken, 
they  generally  mature  and  are  viable.  This  seemed  somewhat  surprising, 
in  view  of  the  extent  of  the  damage  to  the  leaves,  but  is  apparentiy  ex- 
[dained  in  part  by  the  fact  that  the  heads  are  susceptible  for  so  brief  a 
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adjacent  six-row  varieties,  having  evidently  spread  from  the  Chevalier 

plot.    The  following  season  this  same  plot  of  soil  was  replanted  with 

dean  barley,  and  none  of  the  disease  reappeared.    Our  conclusion  is, 

therefore,  that  probably  under  Wisconsin  conditions  the  disease  usually 

comes  from  organisms  overwintering  with  the  seed  rather  than  in  the 

soil,  although  the  organism  is  capable  of  living  over  the  winter  in  the 

dry,  blighted  straw. 

It  is  doubtless  carried  with  the  seed  to  new  localities,  and  not  only 

its  overwintering  but  its  long-range  dissemination  is  thus  accounted  for. 

For  local  dissemination  in  the  field  water  is  apparently  the  chief  agent, 

although  thrips  and  aphids  may  possibly  play  a  considerable  part.    As 

already  shown,  surface  application  of  the  organism  by  spray  or  otherwise 

without    wounding    suffices   for   infection.    The    abundant    bacterial 

exudate  from  blighting  tissues  is  readily  distributed  by  beating  rain  or 

trickling  dew  and  may  doubtless  be  carried  farther,  though  in  lesser 

amounts,  by  visiting  insects.    The  prompt  hardening  of  this  exudate 

iato  resinous  masses  preserves  the  vitality  of  the  organism  for  a  long 

time  without  hindering  this  mode  of  water  dissemination,  since  the  dry 

exudate  again  quickly  softens  and  diffuses  upon  the  application  of  water. 

(PI.  48,  A.) 

CONTROL  MEASURES 

It  is  not  practicable  to  exercise  any  control  measures  aiming  to  check 
the  spread  of  the  disease  after  it  appears  in  the  barley  field.  On  the 
other  hand,  the  conclusion  of  the  writers  that  its  overwintering  and 
long-range  dissemination  occur  chiefly,  if  not  wholly,  with  the  seed 
encourages  the  hope  that  practical  control  tneasures  may  be  developed. 

Ordinarily  it  may  suffice  to  avoid  the  use  of  seed  from  badly  infected 
fields  or  localities  when  these  conditions  are  known.  In  case  of  doubt 
it  seems  probable  that  seed  di^nfection  may  greatly  reduce  the  danger 
of  introducing  the  disease,  if  not  eliminate  it  altogether.  The  writers 
have  not  as  yet  had  opportunity  for  a  convincing  trial  of  this  matter. 
An  experiment  bearing  upon  it  was,  however,  made  in  March,  191 6,  as 
follows:  Barley  grain  harvested  from  an  infected  field  in  1914  had  mean- 
while lain  dry  in  the  laboratory.  Isolations  from  the  glumes  then  (191 6) 
showed  the  organism  still  alive.  After  soaking  this  g^rain  for  two  hours 
in  formaldehyde  solution  (i  part  of  Merck's  40  per  cent  formalin  in 
320  parts  of  water)  attempts  to  isolate  the  organism  from  the  material 
failed.  These  results  should  not,  however,  be  given  too  great  weight, 
^nce  negative  results  had  also  been  obtained  with  some  samples  of 
untreated  seed  suspected  of  harboring  the  organism.  Owing  to  the 
high  degree  of  sensitiveness  of  the  organism  to  mercuric  chlorid,  it  is 
probable  that  this  will  be  even  more  reliable  for  use  as  a  seed  disin- 
fectant. The  hot-water  method  may  also  prove  useful,  especially  if 
later  studies  show  that  the  organisms  penetrate  the  kernel. 
23718<»— 17 2 
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PLATE  B 

I  .—Healthy  barley  leaf  for  compariaon. 

a.— Early  stage  of  bacterial  blight  (nattind  infectkm)  showing  a  translucent,  water- 
soaked  stripe  along  the  midrib,  yellowing  toward  the  apex.  Often  such  lesions  as  this 
will  be  studded  with  exudate  granules  (see  PI .  47  *  I>)  or  show  a  drop  of  bacterial  ooze 
at  the  base  (see  PI.  47,  B). 

3.— More  advanced  sti^  of  bacterial  blight  of  barley  (natural  infection)  wbere  nti- 
merous  local  invasions  have  developed.  Note  the  many  water-soaked  spots;  the  glis- 
tening grayish  exudate  scales  bek>w,  which  are  shown  in  iharper  color  contrast  in  this 
painting  than  in  nature.  The  tissues,  as  in  the  mofe  advanced  lesions  above,  com- 
monly retain  their  transluoence  as  they  yellow  and  die  because  of  die  hardened  bac- 
terial ooze  retained  within. 

4.— Barley  seedling  showing  abundant  infection  spots  on  the  lower  leaf  from  atom- 
izer inoculation  with  strain  isolated  from  old  infected  seed.  The  individual  greenish 
water-soaked  spots  represent  stomatal  infections.  The  general  dying  and  yellowing 
above  resulted  from  such  invasions. 

5.— Barley  seedling  similarly  infected  with  strain  isolated  from  blightiiig  leaf. 

(644) 
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PLATE  47 

A. — Barley  leafbliglit,  X  5X>  natural  mfection,  showing  exudate  gathered  in  three 
grayish  glistening  drops  on  the  surface  (A  the  water-soaked  blighting  area. 

B. — Blighting  barley  leaf,  X  xK.  Early  stage  c^  mid  leaf  stripe  invasion,  this 
stripe  showing  the  water-soaked  translucent  appearance;  the  grayish  exudate  so 
abundant  as  to  have  formed  a  glistening  droplet  just  above  the  ligule. 

C. — Blighting  barley  leaves  natural  infection,  X  a.  a,  A  small  insect  (midge) 
entrapped  in  die  exudate,  b.  The  dry  thin  grayish  exudate  film  (X)  at  the  lower 
part  ol  the  blighted  area  is  partly  detached  and  turned  back.  The  exudate  film  is  so 
nearly  tfa»q>aient  that  the  leaf  veins  are  slightly  visible  through  it. 

D. — ^Barky  leaf,  X  4,  blowing  general  blighting,  the  surface  studded  with  numer- 
ous exudate  droplets  hardened  into  yellowish  resinous  granules,  readily  dislodged. 
These  granules  tend  to  appear  in  longitudinal  rows  upon  the  stripes. 
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PLATE  48 

A. — Photomicfograph  of  a  bead  of  hardened  exudate  dissolving  in  water  under 
microsoope.  The  granular  effect  is  due  to  the  bacteria  which  quickly  diffuse  at  die 
niaigins. 

B. — Five-day-old  agar  slant  cultures  of  Bad,  transltictns  incubated  at  24^  C.  a,  On 
peptone  beef  agar,  b,  On  potato  agar.  Upon  the  latter  medium  the  otganism  groifs 
profusely  and  in  a  characteristic  nuamdb— "viz,  growth  hei^  up  abundantly,  is  sUj^dy 
mote  watery,  and  a  little  lighter  in  color  than  on  peptone  beef  agar. 

C. — Colonies  of  Bact,  iranshtcens  on  peptone-beef  agar  plate,  dihitioa  culture  fiom 
bouillon,  photographed  by  semidirect  lighting  to  show  chatacteristic  internal  i 
what  irregular  concentric  striations.    X  sH* 
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A. — Blighthig  barky  culms  at  heading  stage.  The  sheaths  so  sealed  by  the  bac- 
terial exudate  as  to  prevent  the  eso^  of  the  inclosed  heads  which  thus  p^ish  unde- 
vel<^>ed.    Xf 

B. — Barley  seedlings  showing  abundant  infections  on  first  leaves  three  days  after 
atomizer  inoculation  with  strain  of  organism  isolated  from  9-3rear-old  seed.  The  photo- 
graph was  made,  uang  chiefly  transmitted  light  to  show  the  translucent  character  ol 
the  invaded  areas.    X  M- 
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INFLUENCE  OF  THE  AGE  OF  THE  COW  ON  THE  COMPO- 
SITION  AND  PROPERTIES  OF  MILK  AND  MILK  FAT 

By  C.  H.  EcKLES,  Dairy  Husbandman,  and  L.  S.  Palmer,  Chemist,  Department  of 
Dairy  Husbandry,  Missouri  Agricultural  Experiment  Station 

INTRODUCTION 

The  question  of  the  changes  in  the  composition  of  milk  with  successive 
lactation  periods  has  been  one  which  has  from  time  to  time  attracted 
the  attention  of  chemists  and  physiologists.  That  phase  of  the  question 
relative  to  the  percentage  of  fat  in  the  milk  has  been  of  great  practical 
importance  to  the  dairyman,  who  is  interested  in  knowing  whether  the 
percentage  of  fat  in  the  milk  of  the  heifer  can  t>e  used  as  an  index  of 
what  may  t>e  expected  of  the  mature  animal.  Data  bearing  on  this 
question  have  been  compiled  by  several  investigators,  but  the  conclu- 
sions drawn  from  these  data  have  not  been  entirely  uniform.  These 
data  have  been  gathered  in  most  cases  from  dairy  herds  located  at  various 
experiment  stations,  both  abroad  and  in  this  country. 

It  is  the  purpose  of  the  present  paper  to  offer  data  on  this  question 
taken  f rotn  the  records  of  the  University  of  Missouri  dairy  herd.  It  is 
beUeved  that  the  data  have  an  added  value  because  of  the  fact  that  this 
herd  has  always  been  composed  of  pure-bred  animals  only,  comprising 
the  Jersey,  Holstein,  Ayrshire,  and  Shorthorn  breeds,  and  also  because 
of  the  fact  that  all  of  the  animals  were  bom  and  raised  at  the  Station, 
with  the  ^ception,  of  course,  of  the  individuals  of  each  breed  which 
were  purchased  when  the  herd  was  started. 

Another  phase  of  the  question  of  the  influence  of  age  on  the  composi- 
tion of  milk  is  that  of  the  effect  of  old  age.  Whether  or  not  very  old 
cows,  which  are  not  infrequently  found  in  long-established  herds  or  in 
private  families,  continue  to  give  normal  milk  has  never,  to  our  knowl- 
edge, been  studied.  A  very  thorough  search  of  the  literature  has  failed 
to  disclose  any  investigations  of  this  character.  The  authors  have  had 
an  opportunity  to  study  the  composition  of  the  milk  of  one  aged  cow  in 
the  University  herd  and  also  of  two  other  cows  in  the  same  herd  which 
were  advanced  in  years.  The  data  secured  from  these  animals  will  also 
form  a  part  of  the  present  paper. 

HISTORICAL  REVIEW 

The  principal  investigations  of  the  influence  of  age  upon  the  percentage 
of  fat  in  the  milk  have  been  by  La  Cour  and  by  Haas  and  Hdgstr5m  in 
Europe  and  by  Wing  and  by  Hills  and  Hooper  in  this  country. 

La  Cour  (7)*  reported  the  results  of  five  years'  observations  of  the  per- 
centage of  cream  in  the  milk  of  a  large  number  of  cows,  using  the  Fjord 

>  Reference  is  made  by  number  (itaUc)  to  "  Literatiire  dted/'  p.  657-658. 
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heifers  practically  "strike  their  gait/'  so  far  as  the  quality  of  the  milk  flow  b  con- 
cerned, in  their  first  lactation;  and  whatever  the  effect  of  advancing  years  upon  milk 
quality  may  be,  it  is  not  profound  enough  to  be  of  importance  tmtil  old  age  becomes 
imminent. 

Hooper  (5)  has  recently  studied  data  showing  the  records  of  634  Hol- 
stein  cows  on  official  test.  When  the  data  were  classified  according  to 
the  age  of  the  cows,  the  percentage  of  fat  in  the  milk  was  practically  con- 
stant from  the  second  through  the  seventh  year.  The  author  concluded 
that  the  heifers  gave  richer  milk  than  the  matture  cows,  but  the  differ- 
ences do  not  appear  to  be  sufficiently  great  to  justify  this  conclusion. 
The  percentage  of  fat  beginning  at  2  years  2  months  of  age  and  ending 
with  7  years  2  months  of  age  was  as  follows:  3.51,  3.55,  3,54,  3.78,  351, 
3.50,  and  3.52. 

With  regard  to  the  question  of  whether  aged  cows  give  normal  milk, 
Klein  and  Kirsten  (6)  studied  the  composition  of  the  milk  fat  of  cows  of 
different  ages,  the  oldest  of  which  was  13  years  of  age.  All  the  younger 
cows  gave  milk  fat  of  normal  composition  throughout  the  lactation 
period,  the  characteristic  changes  due  to  advanced  lactation,  as  mani- 
fested in  the  decline  in  the  saponification  value  and  Reichert-Meissl 
number  and  the  increase  in  the  iodin  value,  occturing  in  each  case.  The 
old  cow  in  the  group,  however,  failed  to  show  these  changes  at  the  dose 
of  the  lactation  period.  The  milk  fat  was  also  abnormal  at  the  begin- 
ning of  lactation,  showing  a  Reichert-Meissl  number  of  43.5  andaniodin 
value  of  31.7.  The  authors  attributed  the  abnormalities  in  the  case  of 
this  cow  to  individuality  rather  than  to  the  age  of  the  animal.  At  the 
same  time  they  express  the  view,  based  on  practical  experience,  that 
very  old  cows  no  longer  produce  good  butter. 

INFLUENCE  OF  AGE  ON  PERCENTAGE  OF  FAT  IN  MILK 

The  records  from  which  the  data  presented  in  this  paper  are  drawn 
consisted  of  the  true  average  percentage  of  fat  for  the  entire  lactation 
period  of  each  cow.  This  figure  has  been  calculated  from  the  total  milk 
and  fat  production  for  the  period,  the  milk  production  being  based  on 
the  actual  amount  of  milk  produced  at  each  milking  for  the  entire  period, 
and  the  fat  production  being  based  on  the  percentage  of  fat  in  a  composite 
sample  of  five  days'  duration  taken  at  the  middle  of  each  month.  It 
should  also  be  stated  in  connection  with  the  lactation  periods  conadered 
for  each  animal  that  whenever  this  exceeded  12  months  the  milk  and 
fat  production  for  the  12  months  were  considered  that  of  the  lactation 
period.  This,  coupled  with  the  not  infrequent  failure  for  periods  of 
parturition  to  be  12  months  apart,  results  in  it  being  impossible  to  make 
the  number  of  lactation  periods  of  an  individual  animal  a  criterion  of 
its  age.  This  means,  for  example,  that  the  20  Jerseys  who  completed 
six  lactation  periods  were  not  necessarily  of  the  same  age  at  the  end 
of  the  sixth  period.     Our  data  should,  therefore,  be  interpreted  more 
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tbdr  records  from  this  source.    The  data,  therefore,  include  the  records 
of  animals  of  the  Jersey,  Holstein,  and  A3nrshire  breeds  only. 

The  data  showing  the  average  percentages  of  fat  for  the  successive 
lactation  periods  of  all  animals  of  each  br^d  and  similar  data  for  the 
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FK3.  a.— Graphs  of  the  varuttion  in  percentage  of  fat  of  Holstein  cows  in  sncoessive  lactation  periods,  and 
proportion  of  total  number  of  cows  in  each  croup  showing  highest  test  in  each  period. 

entire  herd  are  given  in  Table  I.  An  examination  of  the  records  of  the 
individual  animals  of  each  breed,  which  it  would  be  impracticable  to 
publish  on  account  of  their  extensiveness,  showed  rather  striking  differ- 
ences among  the  breeds  with  respect  to  the  frequency  with  which  the 
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In  calculating  the  data  in  Table  II,  which  may  be  referred  to  as  a 
frequency  table,  it  was  found  in  certain  cases  that  a  cow  showed  the 
same  average  test  in  two  lactation  periods,  which  usually  followed  in 
succession.  Those  cases  in  which  the  average  percentage  of  fat  in  two 
periods  did  not  differ  more  than  0.05  per  cent  were  assigned  to  this  class. 
In  calculating  the  frequency  tables  for  these  cases  the  assumption  was 
made  that  the  period  showing  the  highest  average  test  meant  that  no 
other  period  showed  a  higher  test,  and  the  frequency  calculation  was 
made  in  favor  of  the  first  period  which  showed  the  high  test. 

There  are  several  outstanding  features  of  the  tables  and  figures  so  far 
dted,  of  which  mention  may  be  made.  In  the  first  place  one  is  impressed 
by  the  fact  that  the  differences  in  the  average  fat  percentage  from  lac- 
tation period  to  lactation  period  among  the  different  breeds  are  not 
large.  Indeed,  it  is  necessary  to  plot  the  fat  percentages  on  a  rather 
large  scale  in  order  to  make  apparent  the  differences  which  occurred. 
Inasmuch  as  the  figures  do  not  show  all  the  data  given  in  the  tables,  it  is 
necessary  to  turn  to  them  to  see  that  the  differences  in  the  average  per- 
centage of  fat  from  lactation  period  to  lactation  period  accumulate  to 
rather  large  figures  as  the  number  of  lactation  periods  of  a  cow's  life 
becomes  greater. 

A  second  striking  feature  of  the  data  is  the  marked  similarity  between 
the  fat  percentage  and  distribution  curves.  This  fact  indicates  that  the 
distribution  curves  and  the  data  from  which  they  are  drawn  are  in 
reality  of  much  greater  significance  than  the  curves  of  percentage  of 
fat.  They  show  clearly  that  a  high  percentage  of  fat  in  any  one  period 
among  a  large  number  of  cows  is  due  in  most  cases  to  the  fact  that  a 
greater  number  of  cows  in  that  group  showed  a  higher  test  in  that  period. 
This  similarity  between  the  curves  of  fat  percentage  and  distribution  of 
the  highest  test  is  especially  striking  for  the  30  Jersey  cows  shown  in 
figure  I,  and  for  the  Holstein  cows  shown  in  figure  2. 

A  third  feature  of  the  data  is  the  striking  breed  characteristic  with 
respect  to  the  frequency  of  distribution  of  the  highest  test  in  the  differ- 
ent lactation  periods.  .  In  the  case  of  the  Jersey  cows  the  data  in  Table 
II  show  that,  when  only  the  first  two  lactation  periods  are  involved,  the 
tendency  is  for  the  second  period  to  give  a  slightly  higher  average  test  than 
the  first  period,  but  that  this  tendency  is  greater  among  a  few  cows  than 
among  a  large  number.  In  fact,  the  data  show  that  with  the  74  cows 
having  only  two  lactation  periods  the  distribution  was  practically  equal 
between  the  two  periods.  For  cows  of  the  Jersey  breed  in  the  herd  the 
tendency  for  the  second  period  to  show  the  highest  average  test  dimin- 
ished greatly  as  the  number  of  lactation  periods  increased,  and  in  many 
catses  passed  to  the  third  period.  In  general  the  data  show  that  Jersey 
cows  may  be  expected  to  show  their  highest  average  test  in  either  the 
fitst,  second,  or  third  periods,  but  the  chances  favor  the  second  and  third 
periods  over  the  first  to  a  rather  marked  degree.    From  the  third  period 
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on,  a  gradual  diminution  of  the  average  test  may  be  expected,  and  this 
may  accumulate  to  an  appreciable  decrease  in  advanced  age.  Jersey 
cows,  then,  do  not  necessarily  "strike  their  gait"  in  the  first  lactation 
period  with  respect  to  the  average  percentage  of  fat  in  their  milk. 

Tabids  II. — Relative  distribution  cf  highest  average  test  for  the  lactation  period 

jBitSBY  cows 


Number  of  cows. 

Ucto- 

tkm 

periods. 

I 

a 

3 

4 

5 

6 

7 

7A 

2 

2 

3 
2 

3 
4 

2 

3 
4 

5 

2 

3 
4 

1 

2 
3 

4 

5 
6 

7 

48.7 
47-5 
39- 0 
44.5 

111 

4ao 
30.0 

23.3 
16.7 

30to 

2a  0 

15.0 

15- 0 
15.0 

\U 

18.  a 
18.2 
18.2 
18.2 

51- 3 
53-3 
32.2 

55.  5 
33-3 
33-3 
6ao 

36.7 
3<^.7 
3a  0 
7a  0 
4a  0 
4a  0 
35.0 
35- 0 
72.7 
36.4 
36.4 
36.4 
36.4 
36.4 

en 

CO 

28.8 

oy 

A< 

33.3 
28.9 

AC 

II.  I 

■lO 

1 

1 

lO 

33.3 
30.0 
3a  0 

■90          

lao 
lao 

•JO 

^3-3 

20 

20 

4ao 
40.0 
4a  0 
4ao 

20 

5-0 
5-0 

20    . 

50 
50 

20 

ao 

II 

II 

45- 5 
45-5 
45-5 
45.  5 
45-5 

..     .. 

II 

0.0 
ao 
0.0 
0.0 

II 

ao 
a  0 
0.0 

II 

0.0 
ao 

II 

ao 

HOLSTBIN  COWS 


26 
20 

20 
II 
II 
II 

8. 
8. 
8. 
8. 
6. 
6. 
6. 
6. 
6. 
5- 
5- 
5- 
5- 
5- 
5- 


88.5 
9ao 
7a  o 
loao 
81.8 

63.7 
loao 
loao 

87-5 

87.  s 

loao 
100.0 
loao 
100.0 

833 

100.0 
loao 
loao 
100.0 
83.3 
83.3 


"•5 
lao 
10.  o 
ao 
0.0 
ao 
ao 
ao 
ao 
ao 
ao 
ao 
ao 
0.0 
ao 
ao 
ao 
0.0 
ao 
ao 
0.0 


18.2 
18.2 


0.0 
0.0 
ao 


o.  o 
ao 
0.0 
o.  o 


0.0 
ao 
ao 
0.0 
ao 


18.2 


12.5 

12-5 


ao 
ao 
0.0 


ao 
0.0 
0.0 
ao 


o.  o 
o.  o 


0.0 
ao 
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16.7 
16.  7 
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Tabus  II. — Rtlatht  distribution  of  highest  average  test  for  the  lactation  periodr—Con* 

AYRSHIRE  cows 


Nimiberofcowt. 

periods. 
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a 
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A                     

a 
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3 
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3 

4 
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3 

4 
5 

55.5 

83- 3 
83.3 
83.3 
750 

75- 0 
75- 0 
50.0 

44.5 

33-3 
22,2 
16.7 
16.7 
16.7 
25,0 
aS-o 
25.0 
as-o 

V 

A          

V 

g%                              .... 

22.3 

t :*:::: 

6      

ao 
ao 

6                  

ao 

^ 

M                                                  .... 

ao 
ao 
ao 

ao 
25.0 

^ 

^ 

^KR  CENT  COWS 
-PCR  CENT  FAT 


60 
•  40 


2  3 

LACTATION    PERIODS 

Fif.  j.^Onphs  of  the  variation  in  perccnUgc  ol  fat  ol  Ayrshire  cows  in  successive  1^ 

proportion  of  total  nmnher  of  cows  in  each  group  showing  higliest  test  in  eadi  period. 

The  data  for  the  cows  of  the  Holstein  breed  shown  in  Table  II  and 
figure  2  are  in  marked  contrast  to  those  for  the  Jersey  breed.  The 
chances  for  the  highest  fat  test  are  so  overwhehningly  in  favor  of  the 
first  lactation  period  that  the  conclusion  seems  justified  that  this  is  a 
breed  characteristic.  A  similar  tendency  is  shown  by  the  data  from  the 
Ayrshire  cows,  shown  in  Table  II  and  figure  3.  The  tendency  is  not  so 
23718**— 17 3 
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great  as  for  the  Holstein  cows,  but 
but  the  data  are  less  condusiye  bee 
animals  involved. 

The  fact  that  certain  of  the  amn 
whose  records  are  included  in  the  d 
mine  the  influences  of  the  plane  o 
first  calving  upon  the  dairy  qualitie 
factors  may  have  contributed  to  i 
data  from  the  two  breeds.  If  a  1 
should  have  a  depressing  effect  U{ 
during  the  first  lactation  period,  i 
explain  to  a  certain  extent  why  th 
ber  of  lactation  periods  showed  tfa 
test  in  the  second  than  in  the  first 
oldest  animals  in  the  herd;  and  it 
calves  were  not  reared  on  nearly  s< 
earlier  days  of  the  herd  than  has  b 
be  stated  in  this  connection  that  tfa 
kept  continuously  for  a  period  of  2 

The  data  for  the  first  two  lactati 
cows  used  in  the  above-mentionec 
Tables  III  and  IV  with  respect  to  i 
tion  and  (2)  plane  of  nutrition  dur 

The  data  bearing  on  the  age  of 
indicate  that  a  difference  of  16  m< 
the  Jerseys  had  little  influence  up 
for  the  higher  test  to  accompany 
case  of  the  Holsteins,  however,  cal 
to  decrease  the  breed  tendency  for 
higher  average  test. 

TablB  III. — Influence  of  <ige  at  first  pari 

lactaU 
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14 
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Table  IV. — Influence  qf  plane  of  nutrition  during  growth  on  percentage  of  fat  in  milk 

of  first  two  lactation  periods 


Orottp 

Num- 
ber of 
cows. 

Breed. 

Plane  of  nutrition 
during  growth. 

Pat  in  milk. 

Cows  showing  highest  test 
in- 

No. 

First 
Period. 

Second 
Period. 

First 
Period. 

Second 
Period. 

Station- 
ary. 

X 

a 

3 

4 

8 

10 

7 

7 

Hblstcm 

do 

Heavy  fed 

Light  fed 

Heavy  fed 

Light  fed 

Ptrunt. 
5.3a 
5-13 
3-35 
3.05 

PtruHt. 
5- 07 

3.10 
3- 00 

Ptrcmt. 

62.5 

2a  0 

loao 

42.8 

Ptrcmi. 

25.0 

6ao 

ao 

14.4 

PtrunL 

"•5 

2a  0 

ao 

42.8 

The  influence  of  the  plane  of  nutrition  during  growth,  shown  in  Table 
IV,  is  more  striking.  The  data  indicate  that  this  factor  may  be  of 
importance  in  connection  with  the  average  fat  test  for  the  first  lactation 
period.  The  light-fed  Jersejrs  showed  both  a  lower  average  test  in  the 
first  lactation  period  and  also  a  less  frequent  tendency  for  this  period 
to  show  the  highest  test,  while  the  heavy  fed  Jersejrs  showed  exactly 
opposite  results.  These  data  seem  to  justify  the  tentative  explanation 
already  advanced  as  to  why  the  Jersey  group  as  a  whole  showed  different 
results  from  the  Holstein  and  Aryshire  groups.  The  data  in  Table  IV 
show,  in  addition,  that  the  strong  breed  tendency  for  the  Holsteins  to 
show  a  higher  average  test  in  the  first  lactation  period  than  in  any 
subsequent  period  was  materially  dimim'shed  by  light  feeding  during 
the  growth  of  the  animals.  It  may  also  be  pointed  out  that  the  light 
feeding  of  the  animals  of  both  breeds  was  by  no  means  extreme,  although 
it  was  widely  different  from  the  heavy  feeding  carried  out  with  the 
other  animals  in  the  experiment. 

COMPOSITION  AND  PROPERTIES  OF  MILK  OF  AGED  COWS 

The  fact  that  certain  animals  in  the  Jersey  herd  of  the  Missouri 
Station  had  the  breed  characteristic  of  persistent  milking  developed  to 
a  marked  degree  has  made  it  possible  to  examine  the  composition  and 
properties  of  the  milk  of  two  cows  which  had  attained  an  advanced 
f^[e.  Complete  analyses  of  the  milk  fat  of  cow  124  were  made  on  two 
occasions  in  her  sixteenth  year  and  during  her  twelfth  lactation  period, 
and  again  on  two  occasions  in  her  nineteenth  year,  when  she  was  in 
her  thirteenth  lactation  period.  Similar  analyses  were  made  of  the 
milk  of  cow  16  when  she  was  14  years  of  age,  and  during  her  ninth 
lactation  period.  Two  analyses  have  also  been  made  of  the  milk  of 
cow  403,  of  the  Dairy  Shorthorn  breed,  when  she  was  11  years  of  age, 
and  during  her  fourth  lactation  period.  These  data  are  presented  in 
Table  V. 
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Tabw  V.- 

Infiu9ne$  cf  txtrmiM  age  on 

composiHan  amd  ptopnUei  cf  milk  amd  mi 

ft/d 

i 
1 

1 

Dote  of 
Mantle. 

t 

1" 

Compoiitknofxiiilk. 

Cooipontioaofbt 

i 
1 

Jl 
'B 

1 

21 

J 

H 

If] 

1 

1 

111 

OS 

M  ^ 

|i 

Yrs. 

i>mw. 

Lbs, 

P.rf. 

P,et. 

P.  a. 

P.ct, 

P.  a. 

P.rf. 

P.  a. 

ffflU. 

•c. 

•xi4 

x6 

Itt 

Jnae  xri9 

•*.3 

J.  SO 

a.6x 

O.S9 

P.<^ 

4*>0 

4^65 

0.7a 

t3a-7 

30.8a 

a7-74 

iJ-I 

1S4 

i6 

x88 

JaiSU" 

I9I3.... 

•a.  7 

3.  ax 

a.  6a 

•59 

•039 

4'3fl 

5.00 

•71 

834- a 

a4-S$ 

a9.X7 

33.1 

i«4 

19 

M 

1Cayi6-x«. 

X9x6 

7*3 

3.  XI 

a.  64 

•47 

.034 

4.80 

aa6.o 

aS>39   «7.i« 

33.3 

XS4 

19 

««4 

Jnaexx-xj. 

19x6.... 

xa.o 

364 

a.  96 

.68 

.04a 

4- SO 

4^3a 

•$x 

aa4'0 

a6.85 

35.64 

36.5 

•i6 

M 

Mt 

J«iexrx9. 

19x5.... 

X7.1 

3*37 

a.«s 

•54 

.03X 

4*  IS 

5'SS 

•75 

a3i.x 

3««74 

«9-rs 

35.4 

16 

14 

103 

J«iiea4-s6. 

_  191S.... 

I$.X 

3.48 

t.95 

•S3 

•939 

4.08 

S»3X 

.76 

aa8.9 

3189 

3X.i6 

3^o 

»4C9 

IX 

155 

JaicxM9. 

X9X3.... 

«3-5 

a.n 

a.a7 

.6x 

•034 

3-63 

4.91 

•70 

aM-S 

94.90 

35.  xa 

33-3 

409 

XX 

x6x 

Jlixiea4-s6> 

X91S.... 

"•5 

••89 

a.a9 

.60 

.C98 

3.63 

4.96 

•70 

aas-f 

3«^38 

35.58 

33-0 

•J«ney. 


^Sborthom. 


e  Cow  was  farrow.    Dimtioo  ol  lartrntion  was  x.ooo  days. 


These  data  fail  to  reveal  any  significant  features  of  the  composition 
of  either  the  milk  or  the  milk  fat  which  can  be  attributed  to  advanced 
age.  Themilkof  cow  124  in  the  nineteenth  year  of  her  age  failed  to  show 
any  abnormalities  even  after  she  had  been  in  milk  for  the  astonishingly 
long  period  (A  864  days.  It  is  true  that  the  first  anal3^ses  (rf  the  milk 
fat  made  in  1913  in  the  case  of  cows  124  and  16  showed  a  higher  Reidiert- 
Mdssl  than  iodin  value,  as  was  observed  by  Klem  and  Kirsten  (6)  for  the 
milk  fat  of  a  cow  13  years  of  age.  Inasmudi  as  this  relation  was  not 
borne  out  in  the  other  analyses  no  significance  can  be  attached  to  the 
two  isolated  cases. 

In  order  to  obtain  support  for  the  statement  of  Klein  and  Kirsten  that 
old  cows  no  longer  give  normal  butter,  a  semicommerdal  churning  of 
butter  from  cow  124  was  carried  out  with  the  milk  obtained  in  May, 
1916.  The  cow  was  on  pasture  at  the  time  and  the  butter  churned  out 
exceedingly  rapidly  and  was  very  soft  when  fijist  made.  After  harden- 
ing, however,  it  was  judged  by  several  persons,  including  the  authors, 
to  be  of  excellent  quality.  One-pound  portions  of  the  butter  were 
packed  in  glass  jars  and  placed  in  the  refrigerator.  After  three  months 
the  butter  was  still  of  good  quality,  although  it  had  developed  a  slightly 
old  taste.  It  is  evident  that  the  statement  of  Klein  and  Kirsten  does 
not  hold  true  for  all  cases,  for  it  was  not  supported  by  the  case  of  cow 
124,  which  was  much  more  advanced  in  years  than  any  of  the  animals 
studied  by  these  investigators. 
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SUMMARY 

The  percentage  of  fat  in  the  milk  of  Jersey  cows  attains  its  maximum 
with  respect  to  the  average  for  the  entire  lactation  period  during  any 
one  of  the  first  three  periods,  but  the  chances  appear  to  be  greater  that 
this  will  be  attained  in  the  second  or  third  period  rather  than  the  first. 

Holstein  cows  almost  invariably  show  the  highest  average  percentage 
of  fat  for  the  lactation  period  during  the  first  period. 

A}a^hire  cows  more  frequently  show  a  higher  average  lactation  test 
during  the  first  than  during  subsequent  periods,  but  less  f  tequently  than 
in  the  case  of  Holstdn  cows. 

The  variations  in  the  average  percentage  of  fat  among  the  first  few 
lactation  periods  are  not  sufficiently  great  to  be  of  much  practical  im- 
portance, but  the  gradual  decline  in  average  test  accumulates  to  a  figure 
of  considerable  importance  as  the  number  of  periods  of  lactation  becomes 
greater. 

A  low  plane  of  nutrition  during  growth  and  prior  to  the  first  lactation 
period  probably  contributes  materially  to  a  decrease  in  the  average 
percentage  of  fat  for  the  first  lactation  period  from  that  which  it  would 
be  if  the  period  of  growth  is  supported  by  a  more  liberal  plane  of  nutri- 
tion. 

Neither  the  percentage  composition  of  the  milk  nor  the  physical 
and  chemical  constants  of  the  milk  fat  of  aged  cows  show  any  abnor- 
malities attributable  to  old  age. 

Butter  made  from  the  milk  of  a  cow  19  years  old  and  in  her  thirteenth 
lactation  period  was  pronounced  to  be  of  excellent  quality,  and  kept 
for  a  period  of  three  months  at  a  temperature  of  8^  to  10^  C,  without 
showing  any  marked  deterioration. 
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SOIL  ACIDITY  AND  THE  HYDROLYTIC  RATIO  IN  SOILS* 

By  CX  H.  Spurway, 
Assistant  Professor  of  Soils  Physics,  Michigan  Agricultural  College 

HISTORICAL  REVIEW 

Recent  investigations  pertaining  to  soil  acidity  indicate  a  relationship 
between  iron  and  aluminium  compounds  in  soils  and  their  reaction  to 
litmus-p>aper-phenolphtbalein  indicator.  Abbot  et  al.  (j)  '  found  that 
soil  acidity  in  certain  marsh  soils  may  be  due  mainly  to  the  presence  of 
aluminum  nitrate,  and  the  quantity  of  aluminum  found  in  an  unpro- 
ductive marsh  soil  was  directly  proportional  to  the  amount  of  alkali 
required  to  neutralize  the  soil  solution.  Vdtch  (9)  and  Harris  (6) 
found  that  when  add  soils  were  treated  with  certain  salt  solutions  iron 
and  aluminium  salts  came  from  these  soils  and  the  iron  and  aluminium 
could  be  predpitated  from  the  solutions  as  hydroxids  by  the  addition 
of  alkali.  Daikuhara  (4),  working  on  soils  of  Japan  found  a  relation- 
ship between  the  addity  of  soils  and  their  content  of  iron  and  aluminium 
compounds  and  condudes  that  these  add  compounds  are  absorbed  by 
soil  colloids.  In  drawing  condusions  from  his  work  Rice  (7)  states: 
mudi  altummim  was  present  in  extracts  from  soils  of  the  highest  acidity, 
and  Connor  (5)  also  condudes  that — 

much  of  the  harmful  acidity  of  add  soils  is  due  to  the  presence  of  toxic  acid  salts 
of  alumiirum  and  iron. 

Ames  and  Schollenberger  (2)  state  in  their  conclusions  on  the 
subject — 

for  the  several  soils  investigated  there  was  found  to  be  an  approximately  qtiantitate  • 
lelatkuiship  between  the  bases  soluble  in  fifth-normal  nitric  add  (exduding  car- 
bonates) and  differences  in  lime  requirement  by  the  vacuum  method. 

A  further  list  of  references  concerning  effects  and  other  causes  of 
soil  addity  may  be  found  in  the  publications  already  dted  and  also  in 
those  of  Frear  (5)  and  Truog  (8),  and  to  avoid  repetition  the  reader  is 
referred  to  these  papers  for  a  more  complete  discussion  of  the  subject. 

THE  PROBLEM 

Prom  studies  on  gladal-formed  soils  the  author  has  for  some  time 
observed  an  apparent  relationship  between  iron  and  aluminium  salts  in 
these  soils  and  their  reaction  to  litmus  paper  and  phenolphthalein  indi- 
cator. Yellow  and  brown  colored  soils  of  the  Glacial  Province  are  often 
add  to  litmus  paper.    Small,  well-mark^,  highly  colored  areas  of  soil 

*  Approved  for  pvblicatioii  in  Uie  JouniAl  of  Agricnlttiral  Resctfcli  by  the  Director  of  the  Hichigan 
Agicttltnfiil  Bxperiingit  Ststioo. 

*  RdocDce  It  SMde  by  nmnbcr  (italic)  to  "litcratufe  dted/'  p.  67*. 

Joomal  of  Agricalttina  RcMUch,  Vol.  XI,  No.  X8 
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in  these  r^ons  are  invariably  add  in  reaction.  Frequently  areas  of 
dark-colored  add  soils  are  found  having  an  exceptionally  high  content 
of  iron  or  aluminium,  or  both.  Recently  an  opportunity  was  given  to 
study  the  problem  from  a  chemical  standpoint,  and  the  results  obtained 
from  the  investigation  are  presented  in  this  paper  as  a  contribution  to 
our  knowledge  of  the  soil  addity  question. 

EXPERIMENTAL  WORK 

ExPBRiMBNT  I. — ^Twenty-nine  samples  of  miscellaneous  soils  col- 
lected from  the  several  glacial  formations  of  Ingham  County,  Micfa., 
were  analyzed  for  caldum,  iron,  aluminium,  and  silicon  by  the  solubil- 
ity method,  using  NI3  hydrochloric  add.  Averages  of  duplicate  deter- 
minations are  reported.  The  reaction  of  the  soils  was  determined  by 
means  of  litmus  paper  in  contact  with  moist  soil  and  also  the  Vdtch 
qualitative  test.  The  two  methods  gave  similar  results  on  these  soils. 
A  summary  of  the  analytical  results  is  given  in  Table  I. 

Table  I. — Soil  classes  and  quantities  of  calcium,  iron,  and  aluminium  soluble  in  Nl$ 

hydrochloric  acid 

ACID   SOILS 
(Bstonoted  as  OKkto.    Results  ezpretMd  as  pounds  per  3.000,000  pounds  of  aatQ 


Laboratory  No. 


Soil  class. 


Caldum 
oxid. 

Ironozid. 

4,270 

3,010 

2,390 

3.698 

3iioo 

3,i8a 

1,390 

1,462 

660 

1,892 

2,270 

3»956 

2,650 

3,612 

960 

1,720 

9,410 

4,000 

1,300 

2,666 

1,780 

a.  33a 

4,170 

3,010 

1,760 

2,708 

4,140 

2,880 

2,040 

2,706 

3,710 

2,408 

itonozid. 


2. 

6. 

7- 

9 

xo. 

13- 
14. 
16. 

17- 
20. 

21. 
22. 
23  • 
24. 
27- 
28. 


Sandy  loam . . . 

Loam 

Sandy  loam. . . 
Medium  sand. 

do 

Sani^  loam. .. 

ifeditun  sand. 

Clay  loam 

Medium  sand. 

do 

Silt  loam 

Medium  sand, 
loam... 


10. 
do. 


5.330 
3,894 
2,776 
2, 288 
3»i3« 
2,144 
3.432 
2,4S0 
9,35? 
3,076 
2,750 

2,944 

2,95« 
1,916 

3i«94 


ALKAUNB  SOILS 


II. 
12. 

18. 
19- 

26, 
29. 


Sandy  loam. 

Loam 

do 

Siltloam. ... 

do 

Sand  v  loam. 

!;;;.do;;!;;; 

do 

Siltloam.... 
do: 


10,780 

2,966 

8,840 

2,666 

4,060 

3.182 

^zr 

3.096 

5,860 
8,140 

3.440 

3.526 

7,140 

3.268 

6,210 
6,380 

2,966 
2,138 
3.18a 

XO,O0O 

36,000 

4,04a 

II,  520 

2,924 
2,838 

7,410 

5,886 

3.»«o 

4P 

530 

3,614 

3,  "8 
4.JM 
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The  results  given  in  the  f  or^;oing  table  do  not  show  striking  differences 
except  that  the  caldum-oxid  content  of  the  add  solutions  from  the 
alkaline  soils  is  somewhat  greater  than  in  the  case  of  the  add  soib; 
but,  when  ratios  between  the  soluble  caldum  oxid  and  iron  oxid  and 
aluminium  oxid  are  determined,  an  interesting  relationship  is  exposed. 
Table  II  gives  these  ratios. 

TablB  II. — Ratios  between  soluble  calcium  oxid  and  iron  oxid  and  aluminium  oxid 

ACID  SOILS 


I«aboratory  No. 


2 

6 

7 

9 

lO 

13 

14 

i6 

17 

ao 

a  I 

32 

23 

^4 

27 

28 

ALKALINE  SOILS 
I 

3 

4 

I::v;;;:::::::::::::::;:::::::;::::;:::::::::: 

II 

12 

II::::::;:::::::::::::::::::;:::;::::::::::::::: 

»9 

25 

26 

29 


IrooQodd. 

AituimuuBi 
axid. 

a  70 

1.25 

1-55 

1.63 

I- 03 

.90 

'•25 

1.65 

2.85 

4  75 

1.74 

.94 

1.36 

I- 30 

1.77 

«-53 

.43 

.99 

2.05 

2.37 

1.35 

1.55 

.72 

.74 

1.54 

1.67 

.69 

.95 

^'33 

•94 

.65 

.89 

Ironoodd 

and 

oluminiuin 

oxid. 


1-95 
3.18 
1-93 
2.70 
7.60 
2.68 
2.66 

430 
1.42 
442 
2.90 
1.46 

3-21 

1.64 
2.27 
1.54 


a  26 

78 
65 
59 
43 
46 
48 
43 
32 

XI 


.  II 
II 
62 
53 
57 

46 

26 

44 
58 


a  81 
.68 
.89 
76 
20 
96 

E 
96 


These  results  show  that,  although  the  quantities  of  caldum,  iron,  and 
aluminium  soluble  in  N/s  hydrochloric  add  under  the  conditions  of  the 
method  vary  considerably  in  the  several  soils,  there  is  a  marked  rela- 
tionship  between  the  ratios  of  caldum  oxid  and  iron  oxid  and  aluminium 
oxid  as  expressed  in  Table  II  and  the  soil  reaction.  Considering  the 
ratios  CaO :  (Pefi^+Aifi^\  we  find  the  bwest  ratio  for  an  add  soil  is 
1.42  and  the  highest  ratio  for  an  alkaline  soil,  1.2a  A  neutral  ratio 
may  then  be  approximated  by  averaging  these  two  numbers,  and  it  it 
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1.31,  or  1.3  nearly.  Prom  this  standpcnnt  we  have  a  condition  in  whidi 
the  ratios  CaO :  (PejOt+Al^Oi)  for  the  add  soils  are  all  greater  than 
I  :  1.3,  without  exception.  A  similar  relationship  exists  in  case  of  the 
ratios  CaO  :  Al^O^,  the  lowest  ratio  for  an  add  being  0.74  and  the  highest 
ratio  for  an  alkaline  soil  0.62,  giving  as  an  average  0.68  for  a  neutral 
ratio  also  without  exception.  The  ratios  CaO  :Fe,Op  however,  can  not 
be  placed  in  like  order  without  having  several  exceptions,  but  if  the 
other  ratios  can  be  considered  correct  because  of  the  absence  of  excep- 
tions, the  correct  ratio  CaO:Fe,0,  can  be  computed  and  is  i. 31— 0.68, 
or  0.63.  Three  exceptions  to  this  ratio  are  still  apparent — namely, 
alkaline  soils  4  and  5  have  ratios  greater  than  0.63,  and  the  add  soil  17 
has  a  considerable  lower  toXio.  It  can  be  seen,  however,  that  the  two 
alkaline  soils  mentioned  gave  exceptionally  low  quantities  of  soluble 
aluminium  oxid  and  the  add  soil  gave  a  very  high  quantity  of  soluble 
aluminium  oxid.  This  point  is  also  generally  true  in  case  <A  other 
soils — that  is,  alkaline  soils  having  high  CaO :  Fe,0,  ratios  gave  low 
quantities  and  add  soils  with  low  CaO:  Pe^O,  ratios  gave  high  quanti- 
ties of  soluble  aluminium  oxid  with  few  exceptions.  Therefore  these 
exceptions  can  not  be  considered  as  invalidating  the  other  results  but 
rather  tend  to  show  the  dose  relationship  between  soluble  iron  and 
aluminium  in  the  soils  and  the  soil  reaction.  There  are  no  exceptions 
in  the  ratios  between  caknum  oxid  and  iron  oxid  plus  aluminium  oxid. 

The  relationship  between  total  caldum,  iron,  and  aluminium  was 
studied  by  making  total  analyses  in  duplicate  of  the  soils  for  these 
elements.  Ten  gm.  of  soil  ground  to  pass  a  loo-mesh  sieve  and  25  gm. 
of  sodium  peroxid  were  fused  together  in  a  nickel  crudble.  After  cooling 
the  mass  was  transferred  to  a  5od>c.c.  volumetric  flask  by  means  of  hot, 
distilled  water,  addified  with  concentrated  hydrochloric  add,  and  allowed 
to  stand  on  a  steam  bath  for  several  hours.  The  contents  of  the  flask 
were  then  cooled  to  room  temperature,  brought  to  a  volume  of  500  cc, 
well  mixed,  and  filtered.  The  solution  was  then  analyzed  according  to 
official  methods.  The  results  are  given  in  Table  III  and  the  ratios  in 
Table  IV. 

Table  III. — Total  quaniitits  of  calcium,  irofit  and  aluminium  in  soils 

[Bstimated  as  oxids.    Rctults  cxprmcd  as  pounds  per  3.000,000  of  soil) 

Aao  SOILS 


Laboratory  No. 

Total  caldum 
ootkL 

l\otalixai 
oxid. 

TDtslahnna- 
inmoxid. 

2 

X7,a6i 
16,154 
14,04a 
IX,  808 
9,553 
19,352 
13,079 

82,4ai 
45, 601 
89.531 

74,087 
74,071 

120,984 

6 

I39,W 
9Q|i^ 

7 

/ 

0 

94,1^ 

10 

99i977 
110^019 

It 

14 

136,349 
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Tablb  III. — Total  quantities  of  calcium,  iron,  and  aluminum  in  soiU — Continued 

ACID  SOILS— continued 


Laboratory  No. 


x6 

17 
do 
21, 
2a 
33 

«7 

38 


Total  calchnn 
oxid. 


13,384 
12,874 
13,678 
15,908 
12,  505 
14,268 
16,687 
",  546 
15,006 


Total  iron 
oodk. 


82, 131 

109,  221 
96,851 
79,531 
82,563 
75,656 

100,  571 
65,  721 

55,866 


Totalalumin- 
iumoadd. 


66,008 

217, 523 
98,882 

"7,478 
131,  648 
100,603 
132, 287 
"0,245 
121,890 


ALKAUNB  SOILS 


I. 

3 
4 

I 

II 
12 

\l 

as 
26 
29 


16, 236 
19,926 
16, 236 
31,652 

15,  "9 
20, 582 
19,106 
27,  lOI 
15,990 
18, 163 

44,217 
21,443 
17,056 


78, 241 

83,391 
41,631 
68,601 

67,455 
73,756 
50,887 
61, 221 
75,403 
61,495 
63,483 
53,553 
35,673 


155,076 

120. 501 
132,972 
139, 204 

139. 502 
163,434 
129, 846 
134, 820 

"9,359 
127,930 
166,471 
147,943 
"3,958 


Table  IV. — Ratios  between  total  calcium  oxid  and  iron  oxid  and  alumirUum  oxid  in 

soils 

AOD  SOILS 


Laboratory  No. 


Iron  oxid. 


Aluminiuni 
oxid. 


Iroo  oodd 

+AliinifaH 

ium 

oxid. 


2 
6 
7 
9 
10 

13 
14 
16 

17 
20 
21 
22 

23 
24 

27 
28 


4.78 
2.82 
6.38 
3-36 
9.20 
3- 83 
5.66 
6. 14 
8.48 
7.08 
5- 00 
6.60 

6.03 
5-24 

3-72 


7.01 
8.62 
7.06 
7.98 
ia46 

5.68 

xa42 

4.93 
16.90 

7.25 

7.38 
10.53 

7- 05 

7-93 
8.79 
8.12 


11.79 
11.44 
13-44 
".34 
19.66 

9.51 
16.08 
11.97 
25.38 
14.31 
12.38 

17.13 
12.35 
13.96 
14.  03 
8.77 
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TablB  IV. — Ratios  between  total  calcium  oxid  and  iron  oxid  and  ahtminiMm  oxid 

soiU — Continued 

ALKALINB  SOILS 


Laboratory  No. 


I. 
3 
4 

I; 

XI, 
13 

;i 

19 

25 
26 
29 


Iron  oxid. 

A  V^^witti^ytH 

4.82 

9.55 

4.19 

6.05 

2.  56 

8. 19 

2.17 

4.40 

4.46 

9.  22 

3.58 

7.94 

2.66 

6.80 

2.26 

4.97 

4.7a 

8.09 

3-39 

7.04 

1.44 

3- 76 

a.  50 

6.90 

2.09 

6.68 

IroBOfldd 


14.37 
ia24 

10-75 
6.57 

13.68 

11.52 
9.46 
7.23 

12.81 

10-43 

9.40 

8-77 


While  these  results  show  that,  in  general,  the  total  quantities  of  cal- 
cium and  aluminium  are  lower  and  the  total  quantities  of  iron  higher  in 
the  add  than  in  the  alkaline  soils,  there  is  no  distinct  relationship  be- 
tween these  total  quantities  and  the  soil  reaction  as  there  is  in  the  case 
of  the  add-soluble  portions. 

Total  sulphur  and  magnesium  were  determined  also,  but  no  relation- 
ships were  found  between  these  elements  and  the  soil  reaction.  The 
largest  quantity  of  magnesium  fotmd  in  an  add  soil  was  3,226  pounds 
per  2,000,000  potmds  of  soil,  and  for  an  alkaline  soil  4,288  pounck:  con- 
sequently these  soils  may  be  characterized  as  low  in  magnesium. 

As  stated  before,  the  add-soluble  silica  was  determined  and  these 
results,  together  with  the  ''lime  requirement"  of  the  add  soils  de- 
termined by  the  Vdtch  method,  are  given  in  Table  V.  A  certain  but 
not  well-defined  relationship  exists  between  the  quantities  of  acid- 
soluble  silica  and  the  "lime  requirement."  No  other  relationships 
concerning  add-soluble  silica  were  discovered. 
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Taslh  V.—Qmrniity  efacid-solMbk  siUca  (SiOi)  in  2,000,000  pimnds  cf  ike  soiU  and 
also  ike    Umi  requiremini*  *  0/  the  acid  soils  by  Veitch  mitkod 


Add  soils. 


AlkalbieioUi. 


Laboratory  No. 


a. 
6. 

7. 

9- 
10 

13 
14 
16 

17 
20 
21 
'22 

23 
24 

11 


SK>» 


Pounds, 
X,030 

960 

670 
620 
Sao 
730 
960 
S40 
2,520 

640 
1,110 

640 
1,020 

590 

730 


Ximere* 


Laboratory  No. 


Patmds. 

l.3«<> 
1,440 
1,440 

I,  '  — 


1,440 
1,5^ 
Ii440 
3>6oo 

Z,200 

1,080 
1,560 
1,440 

z,8oo 
1,320 
1,5^ 


1. 
3. 
4. 

I: 

II 
12 

15 
18 

19 
25 
26 
29 


810 1 


Pmmds, 
1,570 
1,330 
1,230 
1,430 
1,380 
2,280 
1,490 
1,010 
1,370 
1,460 
3,480 
2,060 
850 


Prom  the  data  given  in  Tables  I  and  II  it  is  evident  that  the  relation- 
ship between  the  add-soluble  calcium  and  iron  and  aluminium  may 
control  the  soil  reaction.  The  question  is,  then,  tmder  what  conditions 
can  this  phenomenon  be  produced.  It  is  well  known  that  many  calcium 
salts  hydrolyze  in  solution  giving  an  excess  of  base,  and  reacting  alkaline 
to  litmus  indicator,  and  that  iron  and  aluminium  salts  generally  produce 
add  solutions  under  similar  conditions.  The  reaction  of  a  solution  con- 
taining a  mixture  of  a  salt  that  hydrolyzes  and  gives  an  excess  of  hydrion 
vnth  a  salt  that  produces  an  excess  of  hydroxidion  on  hydrolyzing  depends 
upon  the  concentration  and  degree  of  hydrolysis  of  each  salt  in  the 
presence  of  the  other  when  equilibrium  is  established.  The  term  ''  hydro- 
lytic ratio"  is  used  here  to  express  this  relationship.  In  other  words, 
if  the  acid  exceeds  the  alkali  by  chemical  equivalents,  the  solution  will 
react  add,  and  an  alkaline  solution  results  on  reversing  the  conditions, 
while  a  certain  hydrolytic  ratio  gives  a  neutral  solution. 

Results  obtained  from  the  analytical  determinations  with  the  solubility 
method  and  the  theory  of  hydrolysis  give  a  basis  for  the  following  h)rpo- 
thesis:  that  the  reaction  of  these  soils  is  probably  determined  chiefly  by 
the  hydrolytic  ratio  between  salts  of  the  alkaline  earth  dements  on  the 
one  hand  and  salts  of  iron  and  aluminium  on  the  other  when  these 
compounds  are  in  equilibrium.  Prom  this  standpoint  any  hydrol3rzable 
salt  in  a  soil  or  added  to  a  soil,  or  any  salt  added  to  a  soil  that  causes  the 
formation  of  a  hydrolyzable  salt,  may  influence  the  soil  reaction.  In  the 
following  pages  other  data  are  given  to  support  the  above  hypothesis. 

Experiment  ii. — ^The  quantity  of  lime  required  to  neutralize  these 
soils  was  determined  by  indirect  titration  with  limewater  in  the  following 
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manner :  6-10, 300-c.  c.  Erlenmeyer  flasks  were  used  for  each  soil,  i  gm. 
of  air-dried  soil  was  placed  into  the  first  flask  and  the  quantity  increased 
in  the  remaining  flasks  by  increments  of  i  gm.  each.  Fifty  c  c  of  distiUed 
water  were  then  added  to  each  flask  and  ten  c  c.  of  a  standardized  lime- 
water  solution.  The  flasks  were  sealed  immediately  with  rubber  stoppers, 
shaken  several  times,  and  allowed  to  stand  about  16  hours.  End  points 
were  determined  in  two  ways:  (i)  by  means  of  electrical  resistance,  and 
(2)  with  phenolphthalein  indicator.  Resistance  measurements  were 
taken  by  removing  25  c.  c.  of  the  supematent  solution  with  a  pipette  to 
a  resistance  cup  and  the  readings  taken  with  a  Kohlrausch  bridge  The 
highest  resistance  reading  in  the  series  was  taken  as  the  end  point.  A 
drop  of  indicator  was  then  placed  into  each  flask'and  the  end  point 
taken  when  the  red  color  showed  faintly.  In  all  cases  with  the  soils 
under  discussion  there  was  exact  agreement  in  the  end  points  as 
determined  by  the  two  methods. 

On  considering  the  ratio  CaO :  Fe^O,+ A1,0, : :  i :  1.3  to  be  correct  for 
a  neutral  soil,  the  "lime  requirement"  of  the  add  soib  may  be  computed 
by  determining  the  quantities  of  calcium  oxid  necessary  to  add  to  the 
calcium  oxid  found  soluble  in  the  soib  to  bring  all  the  ratios  to  i  ii.j. 
Table  VI  contains  these  figures,  together  with  the  "lime  requirement" 
as  determined  by  indirect  titration.  The  quantities  of  acid-soluble 
calcium  oxid  plus  the  quantities  of  calcium  oxid  required  to  neutralize 
the  soils  by  indirect  titration  are  given  in  the  fourth  column,  and  the  last 
column  contains  the  ratios  between  these  quantities  of  calcium  oxid  and 
the  quantities  of  add-soluble  iron  and  aluminium. 


Tablb  VI. — Limi  requirement  and  ratios  produced  by  neutralinng  acid  soib 
[Expressed  aft  pounds  per  a.000,000  pounds  of  soiL] 


Laboratory  No. 


Calciamaadd 

BQuire 

nnctt] 

ntlo. 


Calchm  oQcid 

required 
bFtitntioo. 


Add-K)luble 

calcxitifi  OKifl 

^r  CaKftttA 

oxid  reQuifed 

by  titration 

(-X). 


F«*OH- 

Al«Oi 

X 


2. 
6. 
7- 
9- 
10 

13 
14 
16 

17 
20 

31. 
23 
23 
24 
37, 
38 


Pounds. 
3,140 
3,450 
1,480 
1,490 

3,  3 10 

3,430 

3,770 

3,350 

860 

3»i«> 

2,  I30 
530 
2,590 
I,  330 
1,520 
580 


Pounds, 
2,040 
3,240 
1,600 
z,6oo 
3,140 
2,400 
2,800 
2,200 

940 
2,800 
1,900 

660 
2,  z6o 
z,  160 
1,400 

660 


Pounds, 
6,310 
5,630 
4,700 
2,090 
3,800 
4,670 
5,450 
3,160 
10,350 
4,  ZOO 

3,680 

4,830 
3,920 
5,300 
3,440 
4,370 


1-32 

1.35 
X.27 

1.25 

1.33 
1. 31 

1.29 

1.30 

1.29 

1.40 

1.38 

1.27 
1.44 

1.29 

1.34 
1.30 
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In  Table  VII  is  shown  the  excess  of  add-soluble  iron  oxid  and  alu- 
minium oxid  in  the  add  soils  over  the  amount  required  to  satisfy  the 
ratio  CaO:FejO,H-AljO,::  1:1.3,  and  the  ratios  between  the  calcium  oxid 
required  by  indirect  titration  and  this  excess  of  iron  oxid  plus  aluminium 
oxid. 

Table  VII. — Excess  (in  pounds)  of  iron  oxid  plus  aluminium  oxid  over  ratio  i  to  i,j 
and  ratios  of  calcium  oxid  required  by  titration  to  excess  of  iron  oxid  plus  aluminium 
oxid 


Laboratory  No. 


2. 
6. 

7- 
9. 

lO. 

13 
14 
16. 


Bxccss  ol  iron  oodd  phis 

Ratio  of 

Over  1:1.3. 

qM^ 

thratioii. 

Pounds. 

2,790 

1-37 

4,485 
1,928 

1.38 

I.  21 

h943 

1,22 

4,166 

1-33 

3»i49 

I- 31 

3,599 

1.29 

2,922 

^'33 

Bzceas  of  inn  ocdd  phis 
ahaniniuin  oxid. 


It  may  be  seen  from  Table  VI  that  the  "lime  requirement"  as  deter- 
mined from  the  neutral-soil  ratio  and  by  indirect  titration  closely  agree, 
causing  the  neutral  ratio  for  all  the  add  soils  to  approximate  i :  1.3  also, 
as  shown  by  Table  VII,*  when  the  lime  required  to  neutralize  the  add 
soils  is  compared  to  the  excess  of  iron  oxid  plus  aluminium  over  the 
ratio  I  :i.3,  these  ratios  dosely  approach  the  same  figure.  The  relation- 
ship between  add-soluble  caldum  and  iron  and  aluminium  compounds 
in  these  soils  and  the  soil  reaction  is  dearly  shown,  and  it  is  also  evident 
that  we  are  dealing  with  equilibrium  conditions. 

Experiment  in. — ^This  experiment  was  performed  to  determine,  if 
possible,  the  nature  of  the  equilibrium — that  is,  whether  physical  or 
chemical.  Soil  23  was  chosen,  the  procedure  being  similar  to  that 
used  in  determining  "lime  requirements''  by  the  indirect-titration 
method,  except  that  after  standing,  the  several  portions  were  filtered, 
the  soil  washed  with  cold  distilled  water,  and  the  filtrates  titrated  with 
an  add  solution  equivalent  to  the  limewater  solution  used,  with  phe- 
nolphthalein  as  indicator.  The  experiment  was  performed  in  two  ways: 
(i)  By  keeping  the  quantities  of  soil  constant  and  varying  the  quantities 
of  caldum  oxid  in  contact  with  the  soil,  and  (2)  by  var3ang  the  quan- 
tities of  soil  but  keeping  those  of  caldum  oxid  constant.  The  concen- 
trations change,  however,  when  the  soil  begins  to  take  up  lime.  The 
results  are  given  in  Table  VIII. 
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TabuB  yiU.—EjfflKtt  of  «fi  9scu$  qf  a  solmium  ef  cakiwm  kydroxid  on  ike  amount  of 
calcium  oxid  used  by  acid  soil  23 


VARYING  QUANTItlBS  09  CALQUM  OXID,  SOIL  CONSTANT 

BrienBcycrfiaikNo. 

Wdfhtol 
toUtakca. 

hydrasid 

qontity 

diMtcr 

Titer  of 
filtrate 

metcnof 

•dd). 

uyomsoA 

aiedby 

loiL 

PensBt- 
hydraod. 

as. 

oaddnaed 

S3? 

I 

Cm. 

C.c. 

2 

A 

6 

8 

10 

la 

14 
16 

C.c. 
10 
20 

30 
40 

t 

aa 

.6 

a.  4 

3.6 

5-5 
7-7 

C,c. 
2.0 
4.0 
5.8 

1! 

8-3 

100 

100 

97 

70 
6z 
52 

Pmmdt. 

2 

% 

2,320 
2,960 

A 

e           

3fO#o 

I::::::::::::.::::::: 

7 

3,400 

8 

3,3«> 

VARYING  QUANTTrmS  OF  SOIL,  CALQUM  OXID  CONSTANT 


ao 

20 
20 

ao 
20 


0-75 
.  I 


2.25 

2-75 
2.9 

30 
30 


75-0 
91.  6 
96.6 

lOCXO 


4,5<» 
a,74« 
1.930 


It  is  evident  that  the  soil  continues  to  take  up  calcium  oxid  after  the 
solution  becomes  alkaline  to  phenolphthalein,  but  the  quantity  used 
(Table  VIII)  soon  reaches  a  maximum  and  remains  quite  constant 
Soil  acidity  is  undoubtedly  neutralized  when  an  excess  of  calcium  oxid 
is  found  in  the  solution.  A  second  reaction  must  then  take  place  which 
is  complete  when  the  maximum  amount  of  calcium  oxid  is  taken.  It 
will  be  observed  from  the  table  that  this  maximum  amount  increases 
with  the  concentrations  of  the  solutions  in  contact  with  the  soil.  The 
quantity  of  calcium  oxid  required  to  neutralize  2,000,000  pounds  of 
soil  23,  as  determined  by  the  indirect-titration  method  with  a  different 
concentration  of  limewater  than  was  used  in  Experiment  III,  is  2,160 
pounds,  an  amount  comparable  to  that  used  by  the  soil  in  this  e3q)eri- 
ment  when  the  solution  becomes  slightly  alkaline. 

Two  generalizations  can  be  drawn  from  the  data  given: 

(i)  A  definite  quantity  of  calcium  oxid  is  required  to  neutralize  an 
add  soil,  with  phenolphthalein  as  the  indicator;  and  this  quantity  is 
independent  of  the  concentration  of  the  limewater  used. 

(2)  Beyond  the  neutral  point  the  amount  of  calcium  oxid  used  varies 
directly  with  the  concentration  of  the  limewater  solution  bathing  the 
soil;  hence,  it  appears  that  the  first  generalization  deals  with  a  chemical 
reaction,  and  the  second  with  a  physical  reaction.  However,  mass 
action  may  cause  a  chemical  reaction  when  an  excess  of  caldtun  oxid 
is  present. 
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At  this  point  the  possibk  combinations  of  the  alkali  earth  elements 
and  iron  and  alwniniwn  with  other  elements  in  soils  may  well  be  con- 
sidered. The  principal  mineral  salts  of  the  alkali  earths  are  carbonates, 
silicates,  phosphates,  sulphates,  chlorids, ,  and  nitrates.  Of  this  list 
only  the  carbonates  and  silicates  of  calcium  and  magnedum  give  a: 
red  ccAoT  on  boiling  their  solutions  with  phenolphthalein.  The  principal 
iron  and  aluminium  salts  found  in  soib  are  silicates  and  phosphates, 
while-  sulphates,  chlorids,  and  nitrates  may  be  present.  Theoretically 
these  salts  hydrolyze  and  give  add  solutions,  and  will  react  with  car- 
bonates of  silicates  of  the  alkali  earths;  but  these  reactions  proceed  to 
an  equilibrium  and  not  to  the  limits  of  chemical  equivalents. 

Experiment  iv. — ^Dilute  solutions  of  the  carbonate  and  siUcate  of 
caldum  were  boiled  with  phenolphthalein  until  the  red  color  appeared. 
Small  quantities  of  iron  and  aluminium  salts  were  then  added  until  the 
red  color  disappeared.  Several  salts  of  iron  and  aluminium  were  used  in 
this  manner,  and  the  red  color  could  be  obtained  or  dispelled  at  will  by 
increasing  in  order  the  calcium  or  iron  and  aluminium  salts.  Similar 
results  were  obtained  by  using  solutions  from  alkaline  and  add  soils. 

If  a  soil  solution  gives  a  red  color  with  phenolphthalein  when  boiled 
and  concentrated,  a  free  alkali  hydroxid  is  undoubtedly  present,  proba- 
bly comir^  from  the  decomposition  of  a  carbonate  or  silicate  of  an  alkali 
earth  element.  On  the  other  hand,  if  a  soil  solution  gives  no  red  color 
under  the  above-named  conditions,  an  add  salt  may  be  present  in  suffi- 
dent  quantity  to  prevent  the  formation  of  free  alkali. 

Prom  the  ratios  given  in  the  preceding  pages  two  general  conclusions 
can  be  drawn:  (i)  The  quantities  of  add-soluble  caldum  are  proportional 
to  the  quantities  of  add-soluble  iron  and  aluminium  in  neutral  soils,  and 
also  to  the  unreacting  add-soluble  iron  and  aluminium  in  the  add  soils; 
and  (2)  the  quantities  of  caldum  required  to  neutralize  the  add  soils  are 
proportional  to  the  quantities  of  add-soluble  iron  and  aluminium  in  ex- 
cess of  the  ratio  i :  1.3  or  to  the  reacting  iron  and  aluminium.  These 
results  can  not  be  explained  on  the  basis  of  absorption,  unless  iron  and 
aluminium  compounds  are  the  only  absorbing  substances  in  the  soils,  or 
that  these  compounds  are  proportional  in  add-soluble  quantities  to  the 
total  amounts  of  absorbing  compounds;  also,  if  soils  contain  other  ab- 
sorbing substances,  thdr  absorbing  power  is  satisfied  to  an  equal  degree; 
or  that  NI5  hydrochloric  add  dissolves  an  amount  of  absorbed  lime  pro- 
portional to  the  unreacting  iron  and  aluminium  in  the  add  soils;  and  also 
soils  exhibit  two  kinds  of  absorption,  one  kind  independent  of  the  con- 
centration of  Umewater  and  the  other  dependent  upon  it.  According  to 
present  knowledge  of  soil  composition  and  absorption,  these  considerations 
are  untenable. 

The  proportions  found  are  in  direct  accord  with  the  theory  of  hydroly- 
sis and  chemical  equilibrium.    When  a  neutral  equilibrium  is  established 
between  hydrolyzing  compounds,  the  reacting  substances  bear  certain 
23817*>--17 i 
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limewater,  are  not  changed  during  the  reaction.  Generally  speaking, 
quantities  of  the  reacting  compounds  are  chosen  that  give  a  neutral  equi- 
librium at  a  normal  temperature.  In  this  way  the  true  point  of  neutral- 
ity is  obtained,  a  fact  undoubtedly  known  but  not  fuUy  appreciated  by 
many  investigators,  because  in  investigations  on  the  subject  and  in  de- 
veloping lime-requirement  methods  an  excess  of  soil  or  reagents  is  com- 
monly used  without  apparent  regard  to  the  effects  of  mass  action.  Con- 
sideration should  also  be  given  to  the  nature  of  the  products  formed  dur- 
ing the  reaction.  It  will  not  be  sufficient  to  determine  the  degree  of 
acidity  in  a  soil  and  calculate  the  amount  of  lime  required  to  neutralize 
this  acidity,  because  soil  acidity  undoubtedly  results  from  the  hydrol3rsis 
of  soil  compounds  and  enough  reagent  should  be  used  to  force  the  hydro- 
lytic action  to  the  neutral  point.  If  calcium  carbonate  is  used  as  a  re- 
agent, it  should  be  in  a  very  finely  divided  condition;  otherwise  the  parti- 
cles become  coated  with  gels  of  iron,  aluminium,  or  silica  at  the  point  of 
reaction  with  the  soil,  and  their  rate  of  solution  is  retarded.  Considering 
all  the  aspects  of  the  case,  the  logical  reagent  to  use  in  a  lime  requirement 
method  is  calcium  hydroxid. 

SUMMARY 

(i)  A  definite  relationship  was  found  between  the  ratios  of  calcium  to 
iron  and  aluminium  soluble  in  iV/5  hydrochloric  add  and  the  soil  reaction. 
All  the  add  soils  have  ratios  CaO:(Fe,0,H-Al,0,)  above  1:1.3,  and  all  the 
alkaline  soib  have  ratios  below  this  figure. 

(2)  It  is  believed  that  the  reactions  of  the  soils  studied  depend  chiefly 
upon  the  hydrol3rtic  ratios  existing  between  hydrolyzing  coinpounds  of 
the  alkali  earths  and  iron  and  aluminium. 

(3)  A  method  for  determining  the  caldum  oxid  required  to  neutralize 
a  soU  by  indirect  tiration  is  described  in  which  certain  fixed  quantities  of 
a  standardized  caldum-hydroxid  solution  are  allowed  to  react  separatdy 
with  varying  amounts  of  soil.  The  concentrations  of  soil  and  solution 
giving  a  neutral  reaction  are  chosen  from  the  series  by  comparing  the 
dectrical  resistance  of  the  several  solutions,  also  by  means  of  phenol- 
phthalein  indicator.  The  greatest  dectrical  resistance  and  faint  color  of 
the  indicator  is  coinddent  with  the  concentration  giving  a  neutral 
reaction. 

(4)  The  quantities  of  lime  required  to  neutralize  the  add  soils  may  be 
determined  by  computing  the  quantities  of  caldum  oxid  necessary  to 
add  to  the  add  soluble  caldum  oxid  found  in  the  soils  to  bring  the  ratios 
CaO  :  Fe,0,H-AljO,  to  i  :  1.3.  The  quantity  of  caldum  oxid  required 
by  this  factor  method  corresponds  dosdy  to  the  quantities  required  when 
determined  by  means  of  the  indirect  titration  method,  and  it  appears 
that  the  titration  method  is  accurate  and  convenient. 
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STRUCTURE  OF  THE  POD  AND  THE  SEED  OF 

THE  GEORGIA  VELVET  BEAN,  STIZ- 

OLOBIUM  DEERINGIANUM 

By  Charles  V.  Piper,  Agrostologist  in  Charge,  Forage-Crop  Investigations,  and 
J.  Marion  Shull,  Botanical  Artist,  Fruit  Disease  Investigations,  Bureau  of  Plant 
Industry,  United  States  Department  of  Agriculture 

INTRODUCTION 

Since  191 5  the  culture  of  the  velvet  bean  in  the  South  has  been  very 
greatly  increased,  mainly  owing  to  the  introduction  and  development  of 
short-season  varieties.  The  early  sorts  are  the  Yokohama  bean  (SHzo- 
lohium  hassjoo  Piper  and  Tracy);  the  Chinese  velvet  bean  (5.  niveum 
(Roxb.)  Kuntze  var.) ;  the  Georgia  velvet  bean,  an  early  variety  of  the 
old  Florida  velvet  bean  (S.  deeringianum  Bort);  and  also  several  varieties 
of  hybrid  origin.  The  Georgia  velvet  bean  is  at  present  the  most  largely 
grown.  In  191 6  the  crop  of  beans  reached  such  large  proportions  that 
numerous  mills  found  it  profitable  to  manufacture  velvet-bean  meal, 
prepared  by  grinding  the  dry  ripe  pods  and  seeds.  This  product  has 
met  with  high  favor  as  a  rich  protein  feed.  The  acreage  of  velvet  beans 
planted  in  1917  is  several  times  larger  than  in  1916. 

No  previous  studies  seem  to  have  been  made  of  the  microscopic 
structure  of  the  velvet  bean,  or,  indeed,  of  any  species  of  Stizolobium. 
The  structure  of  other  leguminous  seeds  has  been  described  and  illus- 
trated by  various  botanists,  particularly  Kondo.*  Inasmuch  as  velvet- 
bean  meal  promises  to  become  an  important  commercial  feed,  the  micro- 
scopic structures  of  the  pod  and  seed  are  important  as  a  basis  of  identi* 
f  jdng  the  meal,  either  pure,  adulterated,  or  in  mixtures.* 

STRUCTITRB  OF  THE  POD 

Hairs  (PI.  50,  G).— The  hairs  on  the  surface  of  the  pod  consist  of  a 
long  terminal  cell,  empty  or  apparently  so,  and  one  to  six  very  short 
basal  cells  filled  with  protoplann.    The  hairs  vary  greatly  in  length, 

«  KONDO.  M.     DSR  ANATOMISCHB  BAU    BINIOBR  AXJSLAnDISCHBR   BCl.S8Nntt>CHTB.  DW  JBTrT  IN  D8N 

BANDSLK0MM8N.    In  Ztflchr.  Untersuch.  Nahr.  u.  Gcnussmtl..  Bd.  95.  Heft  i,  p.  x-56.  40  fig.    1913. 

*  The  microscopic  preparations  of  the  material  were  made  mostly  by  Dr.  Albert  Maan.  of  the  Bureau 
of  Plant  Industry,  and  the  drawings  are  alt  by  the  junior  writer. 
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from  300  to  1,500  M*  ^e  surface  of  the  hairs  is  roughened  with  minute 
tuberdes,  increasingly  so  toward  the  apex.  The  smaller  hairs  are  color* 
less,  and  on  account  of  a  relatively  thicker  wall  remain  cylindric,  while 
the  larger  ones  collapse  and  beoome  blackish  and  twisted. 

Carpbllary  wall  (PL  50,  C,  G). — ^The  wall  of  the  pod  consists  of  an 
outer  layer  of  epidermal  cells,  polyhedral  in  form,  15  to  30  m  thick, 
approximately  cubical,  and  15  to  30  m  in  diameter.  They  are  filled  with 
dense  protoplasm.  The  numerous  basal  cells  of  the  hairs  are  conspicuous 
on  account  of  the  black  base  of  the  hairs.  Stomata  of  t3rpical  form  are 
about  one-half  as  numerous  as  the  hair  bases. 

Beneath  the  epidermis  lie  about  five  layers  of  peculiar  sclerenchyma 
cells  (PL  50,  G,  H,  I,  J)  from  50  to  234  /x  in  length.  The  cells  are  spindle- 
shaped,  and  two  to  six  times  as  long  as  broad,  the  lumen  broadening  at 
each  end. 

The  inner  half  of  the  pod  consists  of  small-celled  parench3nna  and 
numerous  longitudinal  bundles  of  thick-walled  fibers  (PL  50,  D,  E,  F,  G), 
300  to  500  M  long.  The  lumen  of  these  fibers  is  small,  and  in  section 
numerous  lateral  extensions  are  apparent. 

The  innermost  layer  of  the  pod  is  satinlike  and  consists  of  thin-walled 
parenchyma  (PL  50,  A). 

The  fibrovascular  bundles  which  traverse  the  pod  require  no  particular 
mention.    Their  structure  in  cross  section  is  illustrated  in  Plate  50,  B. 

STRUCTURE  OF  THE  SEED 

The  most  characteristic  external  feature  of  the  seed  of  the  velvet  bean 
is  the  thick,  white  caruncle  which  surrounds  the  hilum  (H.  51,  A). 
In  cross  section  (PL  51,  B)  this  is  seen  to  be  composed  of  thick-wall^ 
parenchyma. 

Testa. — In  cross  section  (PI.  51,  B,  E)  the  testa  is  seen  to  be  composed 
of  an  outer  layer  of  long  palisade  cells,  a  second  layer  of  the  so-called 
"hour-glass"  cells,  the  central  portion  of  nearly  empty  parenchyma,  and, 
between  this  and  the  small-celled  inner  epidermis,  several  layers  of  paren- 
chyma filled  with  protein. 

The  palisade  cells  (PL  51,  C,  D)  are  thick-walled  cylinders,  100  to  iSofi 
long  and  10  to  22  /a  in  diameter.  In  the  neighborhood  of  the  hilum  the 
palisade  cells  are  longest  and  broken  near  the  middle  by  the  so-called 
"light  line,"  owing  to  the  fact  that  these  cells  have  the  Itunen  much 
enlarged  near  the  middle. 

The  hour-glass  cells  (PL  51,  F,  G)  are  50  to  100  m  long.  They  closely 
resemble  those  of  related  genera  (Phaseolus,  Vigna,  Soja). 

The  cotyledons  (PL  51,  I,  J)  consist  mainly  of  an  outer  epidermis  of 
polyhedral  cells  about  10  /x  in  diameter;  an  inner  epidermis  of  cells  more 
than  twice  as  large;  and  between,  the  much  larger  cells  of  the  body  of 
the  cotyledons.  All  the  cells  are  filled  with  grains  of  starch  and  proteids. 
The  starch  grains  show  no  special  peculiarities. 


Digitized  by 


Google 


D«c.  M.  i»x7  Pod  and  Seed  of  Georgia  Velvet  Bean  675 

CHARACTERISTIC  ELEMENTS 

In  velvet-bean  meal  the  most  abmidant  recognizable  elements  are: 
(i)  The  palisade  cells  of  the  testa;  (2)  the  sclerenchyma  cells  of  the  pod; 
(3)  the  hairs  of  the  pod,  and  (4)  an  occasional  hour-glass  cell.  Most  of 
the  fibers  are  broken,  but  with  careful  examination  nearly  all  of  the 
structures  may  be  found. 

The  most  important  elements  to  determine  that  the  material  is  com- 
posed of  velvet  beans  are  the  sclerenchyma  cells  and  the  hairs  of  the 
pods. 
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PLATE  so 

A. — Thin-walled  parenchyma  forming  the  satin  tissue  that  lines  the  pod.    X80. 

B. — Cross  section  of  a  vascular  bundle  of  the  pod.     X420. 

C. — Section  of  epidermis  of  pod,  showing  a  stoma  and  several  of  the  basal  cells  from 
which  the  hairs  arise.     X80. 

D.— Fiber  cells.     X80. 

E. — Fiber  cell  in  longitudinal  section.     X420. 

F. — Fiber  cells  in  cross  section.     X420. 

G. — Cross  section  of  velvet-bean  pod,  showing  both  conditions  of  surface  hairs  aris- 
ing from  the  epidermal  layer.  Both  types  of  hairs  are  of  similar  construction,  being 
unicellular  except  at  base,  which  consists  variously  of  from  one  to  five  or  six  cells. 
The  hairs  are  granulate  or  roughened,  increasingly  so  toward  the  apex.  The  longer, 
weaker-walled  hairs  have  collapsed  and  become  twisted  or  otherwise  deformed  and 
darkened  in  color,  while  the  shorter,  heavier-walled  hairs  remain  stiff,  tubular  bristles, 
straight  or  sickle -shaped,  and  transparent.  Underlying  the  epidermis  is  the  layer  of 
sclerenchyma  tissue  several  cells  in  depth,  and  below  this  appear  fiber  bundles  in 
cross  section.     X80. 

H. — Sclerenchyma  cells.  X80.  These  cells  vary  greatly  in  size,  ranging  from  50 
to  234  M  in  length. 

I. — Sclerenchyma  cells.     X420. 

J. — Sclerenchyma  cells  in  cross  section.     X430. 
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PLATE  SI 

A. — Geoigia  velvet  bean.    Natural  size. 

B. — Cross  section  through  hilum  showing  thick-walkd  parenchyma  of  the  caruncle 
and  the  very  short  palisade  cells  of  the  hilar  tissues.  Beneath  these  are  the  palisade 
cells  of  the  seed  coat  with  the  "light  line"  sinking  to  near  the  middle  of  the  cells 
tmder  the  hilimi.  To  right  and  left  of  the  large  vascular  btmdle  consisting  of  scalari- 
form  ducts  are  the  lesser  spiral  vascular  btmdles  of  the  inner  seed  coat.     X27. 

C. — Palisade  cells  of  seed  coat,  top  view.     X420. 

D. — Palisade  cells  of  seed  coat.  The  two  cells  on  the  left  are  from  that  part  of  the 
seed  coat  underlying  the  hiltun  and  show  the  modification  of  the  liunen  that  results 
in  the  so-called  "light  line. "  Palisade  cells  of  the  seed  coat  are  100  to  180  m  long  and 
10  to  2a  M  wide.     X420. 

E. — Cross  section  through  seed  coat  elsewhere  than  at  the  hilum  showing  relation- 
ship of  palisade  cells,  hour-glass  cells,  and  the  underlying  parenchyma.     X80. 

F. — ^Hour-glass  cells  seen  from  above.     X420. 

G. — ^Hour-glass  cells,  side  view.     X420. 

H. — Spirals  from  vascular  bundles  of  the  seed  coat.     X420. 

I. — Cross  section  of  cotyledon,  showing  outer  epidermis,  and  smaller  cells  filled  with 
starch  grains  and  proteid  granules.     X420. 

J. — Cross  section  of  cotyledons,  showing  the  medial  line  of  the  two  cotyledons  with 
inner  epidermis  and  adjoining  much  larger  cells  with  starch  grains  and  proteid  gran- 
ules correspondingly  larger.     X420. 
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DECOMPOSITION  OP  GREEN  AND  STABLE  MANURES 

IN  SOIL 

By  R.  S.  PoTTAR,  Assistant  Chief  in  Soil  Chemistry,  and  R.  S.  Snydbr,  Assistant  in 
Soil  Chemistry,  Iowa  State  College  Experiment  Station 

HISTORICAL  REVIEW 

This  paper  is  the  third  of  a  series  of  reports  whose  principal  object  is 
the  determination  of  the  rate  of  decomposition  of  original  or  added 
organic  material  in  soil.  This  is  done  by  the  measurements  at  frequent 
intervals  of  the  carbon  dioxid  evolved  from  manured  and  unmanured 
soils.  In  the  first  of  these  papers  (7)^  the  effects  of  Ume,  ammonium 
sulphate,  and  sodium  nitrate  on  carbon-dioxid  production  were  deter- 
mined. In  the  second  paper  (8)  several  phases  of  the  subject  were  taken 
up,  the  more  important  of  which  are:  (i)  The  relation  of  the  amount  of 
air  drawn  over  soils  to  the  amount  of  carbon  dioxid  evolved,  (2)  a  deter- 
mination of  the  percentage  of  carbon  dioxid  in  plots  treated  with  varying 
amounts  and  kinds  of  organic  matter,  (3)  a  comparison  of  the  results 
obtained  by  the  laboratory  method  for  the  determination  of  carbon 
dioxid  evolved  from  soils  to  the  results  of  the  determination  of  the  per- 
centage of  carbon  dioxid  in  the  atmosphere  of  soils  in  the  field,  and  (4) 
determinations  of  the  amount  of  carbon  dioxid  evolved  from  soils  treated 
with  lime  and  varying  amounts  of  stable  manure.  The  conclusions  were 
briefly  as  follows:  Within  limits  there  was  not  much  variation  in  the 
amount  of  carbon  dioxid  evolved  from  soil  with  different  amounts  of  air 
passed  over  the  soil.  The  results  obtained  by  the  laboratory  method 
agreed  well  with  those  obtained  in  the  field  plots.  Calcium  carbonate 
accelerated  the  rate  of  decomposition  of  both  the  original  organic  matter 
of  soil  and  that  added  in  amounts  of  stable  manure  varying  from  10  to 
50  tons  per  acre.  There  was  less  calcium  carbonate  decomposed  in  those 
soils  receiving  appUcations  of  manure  than  in  those  urunanured. 

A  complete  review  of  the  work  done  in  American  Experiment  Stations 
on  green  manuring  pubKshed  quite  recently  (6)  calls  attention  to  the  fact 
that,  while  there  are  very  little  definite  data  concerning  the  effects  of 
green  manuring  upon  succeeding  crop  yields,  yet  the  conclusion  to  be 
drawn  from  all  the  work  done  upon  the  subject  is  that  in  general  green 
manuring  increases  crop  yields.  A  common  recommendation  to  farmers 
is  to  plow  in  green  manure  to  build  up  the  organic  matter  in  the  soil,  but 
there  is  no  definite  information  available  as  to  how  rapidly  one  may  expect 
such  a  practice  to  build  up  the  soil  or  as  to  how  long,  for  instance,  such 

>  Reference  is  made  by  ntixnber  (italic)  to  "  Litenitare  dted",  pp.  697-^. 
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2.5-Kter  add  bottles.    This  diminished  chances  for  leaks.    The  treat- 
ment of  the  soils,  in  tons  per  acre,  was  as  follows: 

Pot  No.  Treatxncnt. 

I,  2 Contixd* 

3,4 3  tons  of  calcium  caitxmate. 

5,  6 10  tons  of  manure. 

7,8 10  tons  of  manure  and  3  tons  of  calcium  carbonate. 

9,  10 I  ton  of  oats. 

II ,  12 I  ton  of  oats  and  3  tons  of  calcium  carbonate. 

13,  14 I  ton  of  oats  and  10  tons  of  manure. 

15,  z6 I  ton  of  oats,  lotonsof  manure,  and  3  tonsof  calcium  carbonate. 

17,  18 I  ton  of  clover. 

19,  20 I  ton  of  clover  and  3  tons  of  calcium  carbonate. 

21,  22 I  ton  of  clover  and  10  tons  of  manure. 

23,  24 I  ton  of  clover,  10  tons  of  manure,  and  3  tons  of  calcitun  car- 
bonate. 

The  manure  used  was  well-rotted  horse  manure,  air-dried  and  coarsely 
ground.  The  oats  and  clover  were  about  two-thirds  mature  tops, 
air-dried  and  ground  rather  line.  The  weights  as  given  above  refer  to 
air-dried  weights  in  all  cases.  Two  and  one-half  potmds  of  soil  were 
mixed  with  their  respective  treatments  and  then  placed  in  the  acid 
bottles.  These  were  then  connected  with  the  apparatus  which  was  freed 
from  carbon  dioxid.  The  soils  were  all  made  up  to  22  per  cent  of  moisture. 
This  was  done  by  adding  250  c.  c.  of  "water"  to  each  bottle.  In  every 
case  100  c.  c.  of  this  *' water"  were  made  up  of  an  emtdsion  made  from 
fresh  soil;  and,  in  the  case  of  those  soils  receiving  stable  manure,  100  c.  c. 
of  fresh-manure  emtdsion  were  included  in  the  250  c.  c.  of  "water."  The 
soils,  manures,  and  calcium  carbonate  were  analyzed  for  total  carbon  at 
the  beginning  of  the  experiment.  The  experiment  ran  from  Jidy  10  to 
September  2,  1915,  a  total  of  53  da)rs. 

At  the  end  of  the  experiment  all  the  soils  were  analyzed  for  carbonate 
carbon.  Throughout  the  course  of  the  experiment  the  carbon  dioxid 
evolved  was  determined  from  time  to  time.  In  Table  I  will  be  f otmd  the 
total  amotmt  of  carbon  evolved  from  the  soil  as  carbon  dioxid,  calculated 
in  poimds  per  acre  of  2,000,000  pounds.  It  will  be  observed  that  in 
general  the  duplicates  agree  very  well.  It  may  be  stated  that  for  each 
period  the  duplicates  checked  on  the  average  about  as  closely  as  the 
summed-up  amounts  indicate.  To  put  all  the  determinations  which 
were  made  into  a  table  wotdd  take  up  more  space  than  we  care  to  use  here. 

Tablb  I. — Amount  of  carbon  evolved  as  carbon  dioxid  from  soils  in  Experiment  I 
[Results  expressed  as  poimds  of  carbon  per  acre] 


SoUNo. 


1,2... 

3i4... 
5,6... 

7,8... 
9,10. 
11,12 


OriginaL       Duplicate. 


771.9 

1.393-5 
1,07a  I 

1,625-5 
1, 153-  8 
1,794.1 


767.7 

1,393-3 
1,071.  8 

1,625-5 
X,  223.  o 
1,802.3 


SoUNo. 


13, 14 
15,  16, 
17,  18. 
19,  20. 
2Z,  22. 

23,  «4. 


OriginaL    ,  Duplicate. 


1,490-1 
«,  153-  o 
1,309-6 

1,883.1 
I,  567.  7 
2, 18&0 


1, 477-  8 
2, 123.  3 
1, 304.  2 
1,909.8 

h  551.  8 
2,204.9 
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In  Table  II  are  found  the  number  of  pounds  of  carbon  per  acre  given 
per  day  for  the  various  periods.  These  were  taken  from  the  total  carbon 
dioxid  given  off  in  the  various  periods.  The  data  appearing  in  this  table 
were  used  in  plotting  the  curves  of  figures  i,  2,  and  3. 

Tablb  II. — Amount  of  carbon  evolved  as  carbon  dioxid  per  day  from  soils  in  Experiment  I 
[Results  expressed  as  pounds  of  cftrtNn  per  acre  per  day) 


Soil 

D«F. 

No. 

X 

a 

3-4 

S-8 

9^11 

xt-15     16-18 

19r^» 

ar-^s 

s6^a 

33-39      40-46 

47-S3 

i,a 

3i4 

i'i 

7,8 

9,  xo. . . . 
11,1a... 
X3,i4... 
IS, 16... 
17, 18. . . 
19,  »o... 
SI, as. .. 

57.0 

S40.0 

8x.a 
s^.o 
81.8 

X36.0 
3x7.8 
67x0 
•oao 
X18.0 
•7J-0 

5..0 

ia8.o 
78.0 
X34.0 
146. 0 
X96.0 
156-0 
X96.0 
•15.0 
3070 
ajj.o 
984-0 

33-3 

47.6 
67. 5 
73- 5 
97-5 
86.0 
xax.o 
9a.  5 
1x9.0 
xoao 
U6.0 

X8.3 
35- • 
•SO 
39-5 
34-0 
49-5 
4*5 
57- a 
34.7 
49-5 
40.7 
55- S 

19-3 
"3 

17- a 
•5-4 
aa-S 

ill 
38.7 

flI.O 

SI.  4 

as- 8 
36.7 

xa.4 
S0.3 
17-7 
«4-7 
•O.S 
»9«S 

a4-7 
34-7 

i».7 
ao.7 
18.8 
•S-S 
19.7 
•7.8 
•$•$ 
34-0 
X9-3 
a8.i 
M.8 
J3-3 

11.  s 

\ti 

IV. 

•3-9 

S0.7 
•9-7 
16.0 
■3.6 
19.8 
30.1 

TO 
II.  I 
10.4 
13.7 

9-3 
14-0 
11.7 
17.7 

9.x 
14-a 
11.8 
iy.9 

9.8 
14-4 
X3X 
170 
II.  9 
16.7 
14.8 
•0.8 
11.9 
16.8 
i$.i 

8X.6 

•13. 6 
•ai.o 
•X9-4 

»i3.o 
•aa.  7 

•«I.S 

•^7 
•«o.4 

0,3.  a 
•«a.4 

•39.0 

13. 1 
X7-X 
14-0 

•17.0 
14-X 
14-8 
IS- 4 

•14.0 
13.5 
17.8 
ISO 
•0.7 

10.6 

16-4 
19-0 
14.6 
IS- 1 
X4-4 
19.7 
I«*4 
16.9 
15-8 
S0.3 

oRcprescnts  values  for  one  soil,  one  detcrminatioa  havinc  been  lost. 
^RcprcscnU  valnct  taken  from  average  of  prcoedinf  and  ■ttrrfrdhif  detcrmhiatinni,  both  daplifrtrt 
having  been  lost. 


l/Af£ . 


/fAAfi/fi£'f^aAf£^ 


/O 


/S 


JO 


S5 


^O 


4iS 


Flo.  1.— Orapfas  of  the  quantity  of  carbon  evolved  as  carbon  dioxid  in  the  cootrol.  Umed,  manmed,  sod 


DISCUSSION  OF  THB  CURVBS 

In  figure  i  are  given  the  curves  for  the  carbon  lost  from  the  control, 
the  limed,  the  manured,  and  the  manured  and  limed  soils.  Throughout 
the  course  of  the  experiment  it  is  seen  that  the  Hmed  soil  is  losing  more 
carbon  than  the  corresponding  unlimed.  It  can  not  be  said  with  cer- 
tainty whether  this  is  really  due  to  an  enhanced  rate  of  decomposition 
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of  the  organic  matter  or  whether  it  is  simply  due  to  a  gradual  liberation 
of  the  carbon  dioxid  of  the  calcium  carbonate  by  relatively  insoluble 
adds  or  by  adds  being  gradually  formed  from  organic  matter. 

Figure  2  shows  the  curves  for  the  soils  treated  with  oats  alone  and  in 
the  combinations  with  manure  and  lime.  The  noteworthy  thing  here 
is  the  slow  initial  rate  of  decomposition  of  the  green  manure  and  then  its 
rapid  decomposition  followed  by  a  slowing  up  of  the  process.  Antid- 
pating  the  results  of  the  experiment  which  follows,  we  may  say  that 
probably  the  slow  action  at  first  was  due  to  the  dry  condition  of  the  oats. 
The  slowing  up  of  the  process  is  due,  no  doubt,  simply  to  the  relative 
exhaustion  of  the  more  easily  decomposed  material  in  the  added  green 
manure. 


Flo.  a.~Oniphs  of  the  quanUty  of  ctrboa  evolved  m  carbon  dioxid  in  soils  treated  with  oats  alone  and  in 
combination  with  manure  and  lime. 

The  curves  for  the  green  dover  in  its  various  combinations  are  shown 
m  figure  3.  In  general  the  same  may  be  said  of  these  curves  as  of  those 
for  the  oats.  However,  the  dover  decomposed  much  more  rapidly  than 
the  oats  in  the  early  periods. 

In  Table  III  the  summarized  data  for  the  whole  experiment  are  given. 
An  explanation  of  some  of  the  columns  of  the  table  besides  that  appear- 
ing at  the  column  head  will  probably  make  the  table  dearer!  Unless 
otherwise  indicated,  all  results  are  expressed  in  terms  of  pounds  of  carbon 
per  acre  of  2,000,000  pounds  of  soil.  The  figures  in  the  second  column 
were  obtained  from  the  analyses  of  the  respective  manure  for  total  carbon. 
The  values  in  the  third  column  were  found  from  the  pounds  of  carbon 
in  the  soil  originally  and  the  added  carbon.  A  sample  of  the  air-dried 
caldum  carbonate  used  was  analyzed  for  carbon  dioxid.  Prom  the 
amount  obtained  it  was  computed  that  the  caldum  carbonate  was  94.42 
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position  of  oiganic  matter.  This  of  course  has  both  a  beneficial  effect  and 
a  harmful  effect  from  a  practical  standpoint.  The  greater  rate  of  decom- 
position of  the  manure  causes  an  increase  in  the  rate  of  the  making 
available  of  the  plant  food  It  no  doubt  causes  an  increase  in  the  rate 
of  the  destruction  of  possible  toxic  substances  and  probably  in  itself 
increases  the  air  drculatioii  in  the  soil.  The  harmful  effect  is  the  deple- 
tion of  the  organic  matter  in  the  soil,  but  since  the  main  benefit  derived 
from  the  organic  matter  of  soil  is  its  enhancement  of  microbial  activity, 
an3rthitig  within  limits  which  aids  in  this  activity  is  desirable. 

Columns  9  and  10  (Table  III)  give  the  number  of  pounds  of  carbon 
lost  from  the  added  manure  and  the  percentage  loss,  respectively.  The 
most  noteworthy  thing  in  this  connection  is  the  large  percentage  of  the 
green  manure  lost  as  compared  with  the  stable  manure.  Thus,  it  is  seen 
that  49  per  cent  of  the  carbon  of  the  oats  are  lost,  60.8  per  cent  of  that 
of  the  clover,  and  only  4.23  per  cent  of  that  of  the  manure.  It  seems 
surprising  that  about  half  of  such  an  application  of  green  manure  would 
be  lost  in  less  than  two  months.  It  is  believed  that  probably  a  somewhat 
comparable  loss  would  take  place  in  the  field,  because  except  for  a  lack 
of  drainage  these  soils  were  held  imder  conditions  not  greatly  unlike 
those  in  the  field.  As  to  why,  in  the  case  of  the  stable  manure  in  soils, 
a  somewhat  smaller  amount  of  the  manurial  carbon  was  lost  from  the 
limed  than  the  unlimed  soils,  we  can  not  state.  No  doubt  our  assump- 
tion that  the  amount  ci  carbon  lost  from  the  original  soil  organic  matter  in 
the  manured  soils  is  the  same  as  that  from  the  soil  organic  matter  in  the 
umnanured  soils  is  not  strictly  true.  As  the  manurial  organic  matter  is 
more  easily  available,  it  is,  no  doubt,  attacked  largely  at  the  expense  of 
the  soil  organic  matter.  On  the  other  hand,  an  enormous  number,  and 
doubtless  a  very  great  variety,  of  bacteria  are  introduced  with  the 
manure  which  of  themselves  serve  to  enhance  the  rate  of  decomposition 
of  the  organic  matter  and,  hence,  make  a  comparison  of  the  manured, 
limed,  and  untreated  soils  of  questionable  sig^iificance.  However,  to 
arrive  at  some  conclusion  as  to  the  amoimt  of  manure  consumed  in  an 
experiment  like  this,  some  such  an  assumption  must  be  taken.  From 
column  II  (Table  III)  it  is  seen  that  in  every  case  where  total  organic 
matter  is  considered,  a  laiger  percentage  is  decomposed  from  the  limed 
than  from  the  respective  unlimed  soil. 

In  coltmm  12  (Table  III)  it  is  observed  that  the  addition  of  stable 
manure  has  increased  the  rate  of  decomposition  of  the  green  mantu-es  to 
a  small  extent.  According  to  some  agriculturists,  a  dressmg  of  stable 
manure  on  green  manure  before  plowing  under  serves  to  enhance  the 
rate  of  decomposition  of  the  latter  because  of  added  bacteria.  This 
experiment  seems  to  confirm  that  belief.  In  anticipation  of  the  consid- 
eration of  the  next  experiment,  it  may  be  stated  here  that  this  result  was 
not  entirely  confirmed  when  conditions  were  kept  more  tjrpical  of  field 
practice. 
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CONCLUSIONS  PROM   BXPBRIMBNT  I 

(i)  limeinthefonnof  acarb(Mmtetmdertbecotiditioiisof  thisexperi- 
ment  appreciably  enhances  the  rate  of  decompositioii  of  both  original  soil 
organic  matter  and  the  organic  matter  of  stable  manure  and  the  green 
manures  oats  and  clover  when  added  to  soiL  Two  of  the  more  impor- 
tant results  of  this  are  the  increased  availability  of  plant  food  and  the 
more  rapid  depletion  of  the  soil  organic  matter.  This  latter  effect  would 
be  partially  and  perhaps  entirely  offset  by  the  fact  that  with  lime  larger 
crops  could  be  grown  which  would  give  more  organic  matter  to  return  to 
the  soil. 

(2)  The  green  manures  oats  and  clover  under  the  conditions  of  this 
experiment  are  decomposed  much  more  completely  than  stable  manure. 
Clover  is  decomposed  somewhat  more  rapidly  than  oats. 

(3)  Stable  manure  increases  the  rate  of  decomposition  of  green  manure 
when  used  in  connection  with  the  latter. 

(4)  Both  stable  and  green  manures  act  as  conservers  of  lime. 

EXPERIMENT  II 

In  the  experiment  just  described  it  will  be  remembered  that  the  stable 
and  green  manures  were  applied  in  dry  and  grotmd  condition.  It  was 
thought  that  perhape  the  reason  that  such  a  large  percentage  of  oats  and 
clover  was  decomposed  and  their  carbon  given  off  as  carbon  dioxid  was 
because  of  their  finely  divided  condition.  Of  course  the  reason  for  adding 
manures  in  audi  a  state  was  to  make  sure  that  a  composite  sample  was 
added  in  eadi  case.  To  test  this  and  other  points,  a  similar  e]q)eriment 
was  planned,  but  with  some  of  these  objectionable  features  eliminated. 
The  treatment  of  the  soils,  in  tons  per  acre,  is  given  in  Table  V. 

Tablb  V^—Treatnunt  of  soils  in  Experiment  11 


Pot  No. 


I,  2. .. 

5,6... 

9,  10. . 
II)  12. 


I3»i4.  . 
25,16.. 
17,18.. 
19,20.  . 

31,22.  . 
23,24,, 

2Sy26.    . 

27,28. . 
a9»30.  . 
3i»32.. 


Air-dry  basis. 


Control 

3  tonaof  lime. 

4.77  tons  of  stable  manure 

14.3  tons  of  stable  manure 

23.S  tons  of  stable  manure 

4.7^  tons  of  stable  manure,  3  tons  of 

lime. 
14.  J  tons  of  stable  manure,  3  tons  of 

lime. 
23.S  tons  of  stable  manure,  3  tons  of 

lime. 
4.77  tons  of  stable  manure,  1.29  tons 

(xoats. 
4.77  tons  of  stable  manure,  1.29  tons 

of  oats,  3  tons  of  lime. 
4.77  tons  of  stable  manure,  x.i8  tons 

of  clover. 
4.77  tons  of  stable  manure,  x.x8  tons 

of  clover,  3  tons  of  lime. 

1.29  tons  of  oats , 

1.29  tons  of  oats,  3  tons  of  lime 

1.18  tons  of  clover 

1.18  tons  of  clover,  3  tonsdFlime. ... 


FrcNi  dmIs. 


Control. 

3  tons  of  lime. 

10  tons  of  stable  manure. 
30  tons  of  stable  manure. 
50  tons  of  stable  manure. 
10  tons  of  stable  manure,  3  tons  of 

lime. 
30  tons  of  stable  manure,  3  tons  of 

lime. 
50  tons  of  stable  manure,  3  tons  of 

lime. 
10  tons  of  stable  manure,  4  tons  of 

oats. 
10  tons  of  stable  manuxe,  4  tons  of 

oats,  3  tons  of  lime. 
10  tons  of  stable  manure,  4  toss  of 

clover. 
10  tons  of  stable  manure,  4  tons  of 

clover,  3  tons  of  lime. 

4  tons  of  oats. 

4  tons  of  oats.  3  tons  of  lime. 

4  tons  of  clover. 

4  tons  of  clover,  3  tons  of  lime. 
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The  stable  manure  used  was  fresh  horse  manure,  not  dried.  The  oats 
and  clover  were  taken  from  samples  grown  in  the  greenhouse  to  about 
two-thirds  maturity.  Material  was  cut  into  half-inch  lengths  and 
-v^eighed  out  while  still  in  an  unwilted  condition  and  thus  added  to  the 
soil  immediately.  At  the  same  time  that  the  samples  of  manure  were 
added  to  their  respective  soils,  several  samples  of  the  green  and  stable 
manures  were  weighed  into  suitable  containers  and  dried  in  the  oven  at 
70^  C.  The  weights  were  again  taken,  and  from  this  the  percentage  of 
moisture  in  the  samples  as  added  was  computed.  The  dried  samples 
were  finely  ground  and  carbon  determinations  made  on  some  of  them. 
The  results  are  given  in  Table  VI. 


Tablb  VI. — Composition  of  the  manures  used  in 

Experiment  II 

Material. 

No. 

Weight 
taken. 

Dry 
weight. 

otoirbon 
iiio.5gm. 

Average. 

Percent^ 
age  of 
carboa. 

Aver- 

Oats 

I 
3 

3 

4 

1 

I 
3 

3 

4 

I 
2 
3 
4 

Gm. 

4-5 

4-5 

4-5 

4-5 

4-5 

4-5 

4.5 

4-5 

4.5 

4-5 

4.5 

4.5 

"•3 

"•3 

"•3 

"•3 

Gm. 

I- 52 

1.39 

1.36 

1.45 

1.49 

I- 51 

1-33 

1-32 

I- 30 
1. 31 
1. 31 
1.37 

5-3 

5-6 
5-35 

Gm. 
0.  3153 
.2110 
.3329 
.3098 

a  3173 

43-04 

43.  30 
46.58 
41.96 

Do 

Do 

Do  : 

43-45 

Do 

Do 

1.454 

Clover 

.2281 
.2346 
.  2184 
.2243 

.2363 

45- 6a 
46.93 
43.68 
44.86 

Do 

Do 

Do 

45.36 

Do 

Do 

1.322 
5-39 

::::::::':::::::: 



Stable  manure 

Do 

•  1930 

•  1952 
.1936 

•1939 

38.60 
39-04 
38.72 

Do 

38.7 

Do 

1 

An  examination  of  the  results  in  Table  VI  shows  with  what  degree  of 
uniformity  in  composition  the  samples  of  manures  were  as  they  were 
added  to  the  soil.  The  experiment  was  started  and  carried  through  in 
all  respects  as  the  previous  experiment. 

In  Table  VII  will  be  found  the  results  for  the  total  amount  of  carbon 
given  oflf  as  carbon  dioxid.  Owing  to  breakage,  the  alkali  from  the 
alkali  towers  of  pots  17,  19,  and  30,  ran  over  into  their  respective  soils 
and  spoiled  them  early  in  the  experiment.  Large  molds  appeared  in 
pots  13  and  15  after  several  weeks,  which  accounts  for  the  missing 
determination  of  those  soils.  A  mold  also  appeared  in  No.  16,  which 
was  removed  as  soon  as  discovered.  Since  its  duplicate  had  already 
been  discarded,  the  values  for  the  carbon  dioxid  of  No.  16  were  taken 
from  the  values  found  for  the  soils  treated  with  the  same  amount  of 
manure  but  without  lime.  It  is  of  course  realized  that  this  does  not 
have  much  justification,  and,  hence,  the  values  for  No.  16  should  not 
be  depended  upon  for  any  definite  conclusion. 
23719*^—17 2 
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TablB  VIII. — Quantity  of  carbon  euohed  as  carbon  dioxid  per  acre  per  day  in  soils  of 

Experiment  II — Continued 


^  Represents  value  for  one  soil,  one  determination  having  been  lost. 

^  Represents  values  taken  from  the  average  of  preceding  and  succeeding  determinations,  both  duplicates 
having  been  lost. 

DISCUSSION  OF  THE  CURVES 

In  figures  4  and  5  appear  the  curves  for  the  soils  receiving  the  various 
amounts  of  stable  manure  used  alone  and  in  combination  with  lime. 
The  control  and  limed  soils  are  also  shown.  Special  attention  is  called 
to  the  manner  of  construction  of  the  curves  in  the  two  different  figures. 
In  these  two  and  the  succeeding  figures  different  standards  have  been 
used  which  are  thought  to  bring  out  the  important  points  to  advantage. 
These  changes  can  be  followed  easily  by  watching  the  notation  on  each 
figure.  All  of  the  curves  are  seen  to  be  well  above  the  curves  for  the* 
control  soil.  With  the  exception  of  a  few  isolated  points,  the  curves  for 
the  limed  soils  are  well  above  those  for  their  respective  unlimed  soils. 
The  fact  that  the  limed  soils  almost  invariably  gave  off  more  carbon 
dioxid  than  their  respective  unlimed  duplicates,  even  toward  the  end 
of  the  experiment,  which  ran  more  than  half  a  year,  shows  that  there 
must  be  greater  bacterial  activity  induced  by  the  lime.  Of  course  it 
might  be  said  that  the  excess  carbon  dioxid  came  from  the  lime  itself, 
but  it  will  be  shown  in  Table  IX  that  less  lime  was  used  in  the  manured 
than  in  the  unmanured  soils.  This  precludes  that  explanation  of  the 
fact.  Also  it  would  seem  that  after  such  an  extended  length  of  time  all 
of  the  soil  add  would  be  neutralized,  so  that  the  most  reasonable  con- 
clusion is  as  stated  above — namely,  that  lime  increases  bacterial  activity 
to  a  marked  extent. 

When  compared  to  the  curves  for  the  manure  in  the  former  experi- 
ment, it  is  seen  that  the  manure  curve  is  well  above  that  where  dry, 
well-rotted  manure  was  used,  in  spite  of  the  fact  that  in  the  case  of  the 
dry  manure  much  more  organic  matter  was  present  than  in  the  case 
Off  the  wet  manure.     As  shown  in  Table  VI,  the  11.3  gm.  of  wet  manure 


Digitized  by 


Google 


Digitized  by 


Google 


•4.X9I7  Decomposition  of  Green  and  Stable  Manures  in  Soil    691 


1^ 


\ 

-> 

rwA-^ytt 

///y/' 

/07Q¥SA 
JOrO¥SA 
aOTOfifSA 

tjtjti^ior 



ifiifvdiir 

MilAVSATU^XM^ 

HMT 

tM^ 

\, 

-x 

^ 

g 

s 

^ 

^ 

^ 

yvo  /fO  /^o  /^o 


jno 


Flo«  5.— KSt^phu  of  tlic  qntntlt^of  csrfxn  crolfcd  m  otrboo  dkndd  in  toils  reoeiviiis  wioBf  mioinits  of 
mftnurc  wed  alone  and  in  C0Hd>lB«doB  with  lime.    Period,  4o-tx6  days. 


Pig.  6.— Graphs  of  the  (jaantity  of  carbon  evolved  at  carboo  in  toils  treated  with  lime  and  oats 
in  combination  with  manure  and  lime.    Period,  z*^  days. 
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manure,  as  was  thought  at  first.  Or,  if  it  did,  it  was  more  than  over- 
come by  the  effect  of  the  drying.  Another  important  thing  to  be  noted 
in  connection  with  the  curves  in  figures  6  and  7  is  that,  after  about  the 
one-hundred-and-twentieth  day  of  the  experiment,  the  amount  of  car- 
bon being  given  off  from  the  soils  treated  with  the  oats  was  about  the 
same  as  the  control  soil.  This  means  that  most  of  the  carbon  of  the 
green  manure  has  been  decomposed  and  evolved.  The  same  may  be 
said  in  r^ard  to  soil  treated  with  lime  and  oats  when  compared  to 
the  soil  treated  with  lime  only. 


s^ 
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/oo 


v^o 


/SO'      v^^ 


airs 

Flo  9.— Graphs  of  the  quantity  of  carbon  evolved  as  carbon  in  soib  treated  with  lime  and  clover  alone 
and  in  combination  with  manm«  and  lime.    Period,  40-2x6  dairs. 

The  curves  for  the  clover-treated  soil,  with  its  various  combinations, 
appear  in  figures  8  and  9.  In  general  the  same  may  be  said  in  regard 
to  the  clover-treated  as  of  the  oat-treated  soils.  Here  the  fresh  mate- 
rial decomposed  much  more  rapidly  than  the  dried  and  ground  material 
of  the  former  experiments.  Also  after  the  one-hundred-and-twentieth 
day,  the  rate  of  evolution  of  carbon  as  carbon  dioxid  is  the  same  from 
the  green-manured  soil  as  the  corresponding  ungreen-manured.  It  is 
seen  that  here,  as  in  the  former  experiment,  the  clover  decomposed 
somewhat  more  rapidly  than  the  oats. 

In  Table  IX  the  summarized  data  for  the  whole  experiment  is  given. 
Since  this  table  is  constructed  exactly  as  Table  III,  no  further  explana« 
tion  is  needed  in  regard  to  it. 
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It  is  seen  that  in  every  case  except  where  the  soils  were  treated  with 
50  tons  of  manure  the  lime  enhanced  the  rate  of  decomposition  of  the 
organic  matter.  As  already  mentioned,  the  soil  treated  with  50  tons 
of  manure  and  lime  developed  a  mold,  which  was  later  removed.  There- 
fore, not  much  dependence  should  be  placed  on  the  results  for  that  soil. 
The  figures  as  a  whole  given  in  column  8  are  not  very  consistent.  The 
excess  carbon  from  the  soils  treated  with  both  stable  manure  and  green 
manure  is  greater  than  where  the  similar  amounts  of  manure  were  used 
separately.  Yet,  where  no  manure  was  used,  the  excess  carbon  was 
greater  than  in  any  other  case.  It  seems  that  the  original  organic  matter 
in  a  soil  needs  lime  for  its  decomposition,  while  the  organic  matter  of 
manures  used  here  does  not  need  lime. 

The  values  given  in  columns  9  and  10  are  extremely  interesting. 
On  considering  the  percentage  of  carbon  lost  from  the  various  manures, 
it  is  seen  that  more  than  half  of  the  carbon  of  the  stable  manures  has 
been  evolved  in  the  course  of  the  experiment.  Thus,  more  than  10 
times  as  much  of  the  manure  in  this  experiment  has  been  decomposed 
as  in  the  earlier  experiment  reported  in  this  paper.  This  is  a  far  greater 
difference  than  can  be  accounted  for  by  a  consideration  of  the  time  the 
two  experiments  ran — ^namely,  53  and  216  days,  respectively.  It 
should  be  recalled  that  in  the  first  experiment  dry,  well-rotted  manure 
was  used,  whereas  in  the  latter  fresh,  moist  manure  was  used.  As 
stated  above,  in  the  discussion  of  the  curves  the  reasons  for  this  difference 
are  that  the  physical  condition  of  the  fresh  manure  was  in  favor  of  its 
more  rapid  decomposition,  more  bacteria  were  added  with  it,  and  it 
contained  more  easily  available  organic  matter. 

Another  noteworthy  circumstance  is  that  with  the  limed  soils  less 
organic  carbon  has  been  evolved  than  from  the  corresponding  unlimed 
soil.  Here,  again  the  only  explanation  seems  to  be  that  the  organic 
matter  of  the  manures  does  not  need  lime  for  its  decomposition.  Pos- 
sibly the  lime,  together  with  the  organic  matter,  causes  such  a  high 
percentage  of  carbon  dioxid  in  the  soil  atmosphere  and  soil  solution  that 
it  becomes  sightly  toxic  to  the  bacteria.  Our  apparatus  was  of  such  a 
nature  that  cultivation  of  the  soil  during  the  course  of  the  experiment 
was  not  feasible.  PosdUy  with  cultivation,  which  would  have  tended 
to  diminish  the  concentration  of  carbon  dioxid,  the  results  would  have 
been  different.  Particularly  to  be  noticed  is  the  very  large  percentage 
of  the  green  manures  which  were  decomposed.  There  were  evolved 
as  carbon  dioxid  78.9  per  cent  of  the  carbon  of  the  oats  and  95  per  cent 
of  that  of  the  clover.  It  should  be  recalled  that  the  respective  figures 
for  the  experiment  which  ran  53  days  were  52.4  per  cent  and  62.3  per 
cent.  Therefore  it  seems  that  the  physical  condition  of  the  green 
manures  did  not  greatly  influence  the  rate  of  decomposition.  While 
the  manner  of  application  of  the  oats  and  clover  in  this  last  experiment — 
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that  is,  in  pieces  not  over  %  inch  in  length — can  not  be  said  to  represent 
conditions  exactly  comparable  to  field  practice,  yet  it  is  believed  that 
the  rate  of  decomposition  would  have  been  approximately  the  same  if 
they  had  been  added  in  larger  pieces.  The  results  found  here  confirm 
those  of  Boltz  already  referred  to.  What  shall  we  say,  therefore,  con- 
cerning the  use  of  green  manures  in  building  up  the  organic  matter  of 
the  soU?  In  the  first  place,  it  is  to  be  remembered  that  neither  in  our 
experiments  nor  in  those  of  others  have  the  roots  of  the  plants  been 
used.  Parts  of  the  roots  would  probably  decompose  somewhat  more 
slowly  because  of  their  toughness.  However,  it  is  doubtful  if  this  would 
radically  change  the  results.  As  Pieters  (6)  concludes  from  his  review 
of  the  subject,  the  use  of  green  manures  generally  gives  greater  crop 
3rields  to  crops  immediately  following.  This  increase  of  crop  would 
usually,  if  properly  handled,  give  greater  crop  reddues  to  plow  under, 
which  in  turn  would  tend  to  enrich  the  soil.  Then  it  must  not  be  for- 
gotten that  the  green  manure  would  of  itself  add  availaUe  plant  food 
to  the  soil,  taken  partly  or  largely  from  the  unavailable  supply.  And, 
of  course,  in  the  case  of  leguminous  green  manures,  nitrogen  would  be 
added  also.  Then  its  decomposition  would  render  an  additional  amount 
of  plant  food  available. 

In  practice  it  is  often  observed  that,  where  insufficient  time  is  allowed 
between  the  jdowing  under  of  the  green  manure  and  the  planting  of  a 
crop,  in  a  dry  season  the  crop  suffers  from  lack  of  moisture.  This  prob- 
ably is  due  to  the  turning  under  of  the  green  manure  in  large  bunches. 
From  the  results  of  this  experiment  it  is  seen  that  if  some  practical  plan 
could  be  found  to  mix  the  material  thoroughly  with  the  soil,  most  of  it 
would  be  decomposed  in  a  short  time.  This  must  be  left,  of  course,  to 
field  experiments. 

When  results  for  total  organic  matter  are  considered,  it  is  observed 
from  column  1 1  (Table  IX)  that  the  limed  soils  showed  a  greater  per- 
centage of  decomposition  than  the  unUmed.  In  some  instances,  how- 
ever, the  differences  are  so  small  as  not  to  be  significant. 

In  the  twelfth  column  (Table  IX)  the  carbon  coming  from  the  green 
manure  alone  is  shown.  In  the  case  of  the  unlimed  soils,  it  is  less  by 
nearly  one-half  than  the  corresponding  amount  from  the  green  manure 
applied  to  the  soil  calone.  From  the  limed  soils,  however,  it  is  seen  that 
the  stable  manure  apparently  quite  appreciably  increases  the  rate  oi  de- 
composition of  green  manures.  We  are  not  prepared  to  give  an  expla- 
nation of  these  facts.  However,  we  believe  that  the  results  of  this  exper- 
iment and  the  one  preceding  warrant  the  conclusion  that  green  manures 
tmder  most  conditions  will  be  decomposed  sufficiently  rapidly  in  the  soil 
without  the  addition  of  stable  manure. 
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CONCLUSIONS  PROM   EXPBRIMENT  n 

The  condttsfons  to  be  drawn  from  Experiment  II  are  as  follows:  It  is, 
of  course,  understood  that  it  is  not  proposed  that  they  hold  for  all  soils 
under  all  conditions.  However,  it  is  believed  that  some  generalizations 
are  possible. 

(i)  Soil  organic  matter  decomposes  more  rapidly  tmder  limed  than 
under  unlimed  conditions. 

(2)  When  organic  matter  in  the  form  of  stable  manure  and  the  green 
manures  oats  and  clover  is  added  to  the  soil,  the  total  organic  matter — 
that  is,  the  organic  matter  of  the  soil  plus  the  added  organic  matter — 
decomposes  more  rapidly  under  the  influence  of  lime  than  without  it. 
When  the  added  organic  matter  alone  is  considered  the  rate  of  decompo- 
sition is  lessened  by  the  lime. 

(3)  The  carbon  of  stable  manures  is  evolved  as  carbon  dioxid  from 
soil  under  unlimed  conditions  to  the  extent  of  approximately  55  per  cent. 
The  carbon  of  oats  under  like  conditions  is  evolved  to  the  extent  of  79 
per  cent  and  that  of  clover  95  per  cent.  Under  unlimed  conditions  the 
amount  of  stable-manure  carbon  evolved  is  only  slightly  less  than  under 
limed  conditions,  while  only  about  57  per  cent  of  the  carbon  of  oats  and 
53  per  cent  of  the  carbon  of  clover  is  given  oflf  under  limed  conditions. 

(4)  All  the  manures  tended  to  conserve  the  lime. 

(5)  Under  unlimed  conditions  stable  manure  did  not  increase  the  rate 
of  decomposition  of  the  green  manure  as  measured  by  the  evolution  of 
the  carbon  dioxid.  With  lime  there  was  a  slight  increase  in  the  amount 
of  carbon  given  from  the  green  manure  when  used  with  the  stable  manure 
over  that  given  by  the  green  manure  when  the  latter  was  used  alone.  It 
should  be  recalled  that  in  the  former  experiment  stable  manure  enhanced 
the  rate  of  decomposition  of  the  green  manure  only  to  a  slight  extent. 

(6)  There  is  not  a  very  great  difference  in  the  rate  of  decomposition 
of  the  green  manure  when  added  in  a  finely  ground,  dry  state  and  when 
used  fresh  and  in  a  relatively  coarse  state  of  subdivision. 
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EUPATORIUM  URTICAEFOLIUM  AS  A  POISONOUS 

PLANT 

By  C.  DwiGHT  Marsh,  Physiologist  in  Charge,  and  A.  B.  Clawson,  Physiologist, 
Poisonous  Plant  Investigations,  Pathological  Division,  Bureau  of  Animal  Industry, 
United  States  Department  of  Agriculture, 

INTRODUCTION 

AiQong  the  suggested  causes  for  the  disease  popularly  known  as  milk 
sickness,  trembles,  slows,  tires,  etc.,  has  been  the  plant  commonly  called 
white  snakeroot  (Eupatorium  urticaefolium,  the  Eupatorium  ageratoides 
ot  the  older  literature).  Arguments  have  been  advanced  in  extenso  both 
for  and  against  this  theory.  In  later  years  the  possibility  of  the  connec* 
tion  of  this  plant  with  the  disease  has  lessened  since  Crawford  (4)  ^  in 
1908  published  his  negative  pharmacological  work  and  Jordan  and 
Harris  (7)  in  1909  published  their  paper  on  the  Bacterium  lacHmarbi. 
While  there  have  still  been  authors  who  dung  to  the  white  snakeroot  origin 
of  the  disease,  it  has  been  rather  generally  beUeved  that  the  real  cause 
was  not  a  plant  poison  but  more  likely  a  disease-producing  germ. 
Although  the  investigation  of  the  subject  has  been  carried  on  by  the 
Department  of  Agriculture  for  some  years,  little  attention  has  been  paid 
to  the  question  of  the  connection  of  this  plant  with  the  disease,  as  it  was 
thought  probable  that  it  should  be  disr^^rded. 

In  the  fall  of  1 914  there  were  some  cases  of  milk  sickness  near  Beecher 
City,  111.,  and  the  attending  physician,  Dr.  E.  R.  Brooks,  made  some 
experiments  with  the  E,  urticaefolium  which  led  him  to  think  it  to  be 
connected  with  the  disease.  At  his  solicitation  a  representative  of  the 
department  visited  the  neighborhood,  and  arrangements  were  made  to 
conduct  a  series  of  feeding  experiments  with  a  view  to  determine,  if  pos- 
sible, whether  or  not  the  plant  produced  the  disease.  The  experiments 
were  carried  on  during  the  fall  and  winter  of  1914  and  1915  at  Wash- 
ington and  during  the  fall  of  19 15  near  Beecher  City.  The  material  used 
in  the  first  season  was  collected  by  Dr.  Brooks  and  shipped  to  Washington, 
where  it  was  fed  both  in  fresh  and  dried  condition.  All  the  material 
used  in  the  fall  of  19 15  was  fed  fresh  from  the  immediate  neighborhood 
of  the  experiment. 

The  general  results  of  the  experiments  in  their  relation  to  the  disease 
of  milk  sickness  are  not  in  form  for  publication,  but  it  has  been  clearly 
demonstrated  that  E,  urticaefolium  must  be  counted  as  one  of  the  rather 
important  stock-poisoning  plants,  which  produces  serious  losses  of  domes- 
tic animals.    On  this  account  it  seems  wise  to  publish  the  results  so  far 

1  Reference  is  made  by  number  (italic)  to  'literature  cited,"  p.  7x4. 
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as  they  relate  to  E.  urHcaefolium  as  a  poisonous  plant,  with  the  hope  that 
some  of  the  losses  may  be  avoided;  for  it  is  evident  that  while  in  many 
localities  this  plant  is  suspected  to  be  the  cause  of  milk  sickness,  its 
importance  as  a  stock-poisoning  plant  has  received  little  recognition. 

DESCRIPTION  OF  THE  PLANT 

Eupaiorium  urHcaefolium  Reicbard  (PI.  52)  quoted  as  E.  ageraUndes  L. 
in  the  older  botanies,  is  a  slender,  erect,  perennial  herb,  belonging  to 
the  family  Com{X)8itae.  Its  leaves,  whidi  are  3  to  5  inches  long,  are 
opposite,  broadly  ovate,  pointed,  sharply  toothed  and  thin,  and  have 
rather  long  petioles.  The  stems  are  vudd-villous.  The  small  white 
flowers  are  in  compound  corymbs  of  8  to  30  flowers,  i^pearing  in  the  late 
summer  and  fall.    The  plants  are  from  i  to  4  feet  in  height. 

It  is  found  widely  distributed  in  the  eastern  United  States  and  as  far 
west  as  Minnesota,  Oklahoma,  Nebraska,  and  Louisiana.  Its  favorite 
habitat  is  in  rich,  damp  woods.  It  is  abundant  in  the  groves  along  the 
watercourses  of  the  Biiddle  States,  and  grows  with  special  profusion  in 
the  so-called  coves,  or  damp,  shaded  ravines,  of  the  north  slopes  of 
the  southern  Appalachians.  It  is  by  no  means,  however,  confined  to 
shaded  situations,  for  it  sometimes  grows  in  masses  on  cleared  hillsides 
in  the  open. 

It  is  commonly  known  as  white  snakeroot.  Other  names  which 
have  been  applied  to  it  are  white  sanide,  Indian  sanide,  deerwort,  bone 
set,  poolwort,  poolroot,  richweed,  squawweed,  wUtetop,  and  steria. 

The  root  has  been  used  in  piedidne  as  a  diuretic  and  antispasmodic. 

The  common  thoroughwort,  Eupaiorium  perfoliahim  L.,  which  grows 
in  similar  localities,  but  usually  on  soils  with  more  moisture,  is  readily 
distinguished  from  E.  urHcaefolium,  as  it  is  a  coarser  plant  and  the  leaves 
are  long,  narrow,  rugose,  and,  as  the  name  indicates,  are  without  petioles 
and  are  united  around  the  stem. 

EXPERIMENTAL  WORK 

In  the  experimental  work  of  1914  three  head  of  cattle  and  two  head  ol 
sheep  were  used.    Following  is  the  detail  of  the  experiments. 

Calf  668. — ^This  animal  was  a  bull  calf,  bom  in  March,  1914,  and  kept 
during  the  summer  in  a  pasture  on  the  department  farm  at  Arlington, 
Va.  It  was  brought  into  the  bam  for  experimental  feeding  October  7. 
It  was  in  good  condition  and  wdghed  340  pounds. 

The  plants  fed  to  this  animal  were  shipped  from  Beecher  Gty,  HI.,  and 
consisted  of  stems,  leaves,  and  flowers,  which  were  fed  in  as  fresh  a  con- 
dition as  possible,  but  had  lost  some  moisture,  so  that  the  weights  of 
material  fed  probably  represented  a  somewhat  larger  quantity  of  the 
strictly  fresh  plant. 

The  animal  recdved  and  ate  the  plants  as  follows:  October  8,4.5 
pounds;  October  10,  9.5  pounds;  October  12,  7  pounds;  and  October  i4» 
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7  pounds.  He  received,  all  told,  on  the  basis  of  1,000  pounds  of  animal 
weight,  82.4  pounds  of  E.  wticaefolium,  a  daily  ration  of  11.8  pounds, 
during  the  time  he  was  eating.  During  this  time  he  was  also  fed  hay  in 
quantities  not  weighed  on  October  9, 13, 14,  and  15.  No  symptoms  of 
poisoning  were  shown  until  October  15.  On  this  day  the  animal  was 
depressed  and  constipated.  He  lay  down  much  of  the  time,  and  some- 
times refused  to  rise.  He  ate  very  little  of  the  hay.  On  the  i6th  his 
condition  was  unchanged.  On  the  17th  he  could  get  up,  but  would  do 
so  only  with  considerable  urging.  He  showed  no  desire  to  eat  either 
hay  or  green  grass.  He  was  taken  out  of  the  pen,  and  after  being  led 
around  a  little,  trembled  violently  and  lay  down.  It  was  difficult  to 
make  him  get  up  and  return  to  the  pen.  On  October  18  and  19  he  grew 
gradually  weaker.  He  could  get  upon  his  feet,  but  trembled  violently 
when  standing.  The  respiration  was  rapid.  He  ate  nothing  except 
a  few  handf uls  of  grass  and  a  very  little  grain. 

He  died  on  the  morning  of  October  20  without  any  struggle.  Death 
occurred  on  the  sixth  day  after  the  last  feeding  of  E,  urticaefolium. 
Observations  upon  the  temperature  during  the  illness  showed  nothing 
abnormal. 

In  the  autopsy,  petechia  and  hemorrhagic  q)ots  were  found  on  the 
heart,  both  on  the  auricles  and  ventricles  and  also  on  the  aorta  and 
vena  cava.  The  walls  of  the  duodenum,  jejunum,  and  ileum  were  con* 
gested,  and  there  were  homorrhagic  spots  on  the  cecum.  The  liver 
was  light  in  color,  possibly  somewhat  degenerated.  There  was  nothing 
else  abnormal. 

BuirL  663. — ^This  animal,  a  bull,  was  brought  in  for  feeding  October  7, 
1914,  He  had  been  in  pasture  on  the  Arlington  farm  since  the  preceding 
March  and  was  in  good  condition,  weighing  692  pounds. 

The  plants  used  for  this  animal  had  been  shipped  in  from  Beecher  City, 
and  autodaved  at  a  pressure  of  7  pounds  in  order  to  destroy  any  possible 
germs  of  disease.  This  sterilized  material  was  fed  as  follows:  October 
8,  5.2  pounds;  October  10,  10.5  pounds;  October  12,  26  pounds;  October 
14,  29  pounds;  October  15, 15  pounds;  making  a  total  in  8  days  of  85.7 
pounds.  On  the  basis  of  1,000  pounds  of  animal  weight,  this  would 
have  been  123.8  potmds  of  £.  tiriicaefolium,  an  average  daily  ration  of 
15.45  pounds  per  i  ,000  pounds  of  animal  weight.  Hay  was  given  on  Octo- 
ber 13  and  15  and  on  the  da3rs  following.  No  symptoms  were  noted  until 
October  15;  then  the  animal  exhibited  constipation  and  a  loss  of  appetite. 
On  the  17th  when  he  was  led  about,  the  exercise  caused  more  or  less 
labored  breathing  and  there  was  some  trembling  of  the  muscles  of  the 
flanks,  hips,  and  muzzle.  On  the  19th  he  was  somewhat  worse;  he  had 
little  appetite,  showed  a  disinclination  to  stand,  and  exhibited  the  same 
muscular  trembling  as  on  the  17th.  On  October  20,  while  still  disin- 
clined to  stand,  he,  on  the  whole,  showed  improvement,  and  after  this 
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gained  steadily.  On  the  23d  he  was  returned  to  the  pasture  and  seemed 
to  be  recovered  from  his  indisposition.  Ws  temperature  was  normal 
during  the  experiment. 

This  bull  received  a  second  feeding  of  E.  urHcaefolium  from  January 
7  to  21,  1915.  This  was  of  dried  material  which  was  ground  up  and 
mixed  with  grain.  In  the  15  days  of  the  experiment  he  ate  103  pounds 
of  this  material  It  was  found  by  tests  that  the  plant  loses  in  dryii^ 
65  per  cent,  so  that  he  ate  an  equivalent  of  294.3  potmds  of  fresh  plant. 
As  the  animal  at  this  time  weighed  760  pounds,  this  amounted  to  387.2 
potmds  of  E.  urHcaefolium  per  1,000  pounds  of  animal  weight,  and  the 
average  daily  ration  on  this  basis  was  25.8  potmds. 

When  this  experiment  was  begtm,  the  animal  was  very  active.  On 
October  15  be  was  rather  dull,  and  on  January  20  and  21  he  was  decidedly 
depressed  and  exhibited  slight  trembling.  There  were  no  further  symp- 
toms.   The  temperature  remained  normal  dtuing  the  experiment. 

Cow  122. — This  was  a  Jersey  cow,  4  years  old,  that  had  been  used  as 
a  milch  cow  during  the  preceding  summer.  She  had  been  tested  in  the 
fall  for  tuberculosis  and  gave  a  positive  reaction.  At  the  time  ci  the 
experiment  she  weighed  785  pounds. 

From  December  15, 1914,  to  January  8, 1915,  she  was  fed  on  E.  urticae- 
folium  that  had  been  collected  and  dried  at  Beecher  City.  This  was  fed 
with  hay  and  grain.  She  received  a  total  of  96  potmds,  which  would  be 
eqtiivalent  to  274.3  pounds  of  fresh  plant.  On  the  basis  of  i  ,000  potmds 
of  animal  weight,  this  cow  received  a  total  of  394.4  potmds,  or  an  average 
daily  ration  of  1 4.1  potmds. 

Except  for  some  constipation  in  the  eariy  days  of  the  experiment, 
there  were  no  ill  eflEects  from  the  feeding.  Her  temperature  remained 
normal  during  the  experiment  and  she  weighed  790  pounds  on  January  7. 

Sheep  308. — ^A  female  spring  lamb,  weighing  80  pounds,  was  given 
E,  miicaefolium  from  Beecher  City  on  October  24, 26,  and  28,1914,  None 
of  that  given  on  the  28th  was  eaten,  and  the  total  quantity  eaten  on  the 
other  days  was  5  potmds.  The  animal  was  fed  hay  on  October  25  and 
was  later  given  what  grain  she  would  eat.  The  total  quantity  eaten  was 
eqtiivalent  to  6.25  potmds  per  hundredweight  of  animal.  In  the  forenoon 
of  October  26  she  exhibited  a  lack  of  appetite,  eating  nothing,  and  some 
mucus  was  nmning  from  the  nose.  At  3.30  p.  m.  she  showed  marked 
depression  and  was  standing  humped  up,  with  the  head  held  low,  and 
brownish  green  material  running  from  the  mouth.  When  led  about,  she 
began  to  stagger  and  tremble,  the  trembling  appearing  first  in  the  shoul- 
ders. When  left  alone,  she  lay  down.  In  the  forenoon  of  October  29 
she  was  f otmd  lying  on  the  left  side  with  legs  extended.  She  was  raised, 
but  could  not  stand  alone.  She  remained  in  this  condition,  growing 
gradtially  weaker  through  the  30th  and  died  between  2  and  4  a.  m.  on 
October  31. 
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Her  temperature  was  normal  during  the  experiment,  except  that  it 
was  rather  high  on  October  30.  In  the  autopsy  the  only  positive  abnor- 
mal condition  was  a  congested  duodenum. 

Sheep  309. — This  was  a  female  spring  lamb  weighing  84  pounds.  She 
was  fed  upon  autoclaved  E.  urticaefolium.  This  was  given  October  24 
and  26,  1 91 4,  and  the  uneaten  material  was  removed  on  the  29th.  She 
ate  in  this  time  4  pounds,  or  4.4  pounds  per  hundredweight  of  animal. 
There  was  no  eflfect  from  this  feeding. 

On  November  2  she  was  given  autoclaved  material,  the  feeding  being 
given  by  the  balling  gun.  When  she  had  received  1.38  pounds  she  com- 
menced to  salivate,  and  the  feeding  was  terminated.  She  frothed  at  the 
mouth,  was  nauseated,  and  her  breath  had  a  bad  odor.  On  November  3 
she  showed  a  lack  of  appetite  and  preferred  to  lie  down.  When  led  about, 
she  walked  unwillingly,  showed  marked  trembling,  and  soon  lay  down. 
Plate  53,  A,  shows  the  weakness  of  the  animal,  and  Plate  53,  B,  while 
apparently  a  poor  picture,  shows  by  the  indistinctness  of  the  sheep  as 
compared  with  other  objects  the  continuous  trembling  to  which  the 
animal  was  subject  when  on  its  feet.  On  November  4  the  S3nnptoms  were 
more  marked.  When  led  about,  she  trembled  violently  and  soon  fell. 
This  was  repeated  several  times.  The  respiration  and  pulse  were  very 
rapid  when  attempts  at  movement  were  made.  The  temperature  was 
104.2®  F.  This  condition  continued  through  November  5,  the  tempera- 
ture varying  from  104.8  to  105.4.  Iii  the  forenoon  of  the  6th  the  tem- 
perature was  105.8,  and  the  respiration  was  labored  and  noisy.  The 
animal  was  unable  to  stand,  and  there  were  occasional  convulsive  move- 
ments of  the  body  muscles.  She  died  at  4.30  p.  m.,  and  an  autopsy  was 
made  on  the  morning  of  November  7.  Nothing  abnormal  was  found 
except  possible  congestion  of  the  duodenum  and  small  intestine  and  a 
similar  condition  of  the  liver  and  kidneys. 

Sheep  310. — This  was  a  ewe  about  6  months  old,  weighing  66  pounds. 
January  29, 1915,  dried  plants  of  E.  urticaefolium  ground  to  a  powder  and 
mixed  with  water  were  fed  with  a  balling  gun,  1.75  pounds  being  used. 
This  was  equivalent  to  7.6  pounds  of  green  material  per  100  pounds  of 
animal.    It  produced  no  bad  effect. 

On  February  9  another  feeding  of  3  pounds  of  similar  material  was 
made  in  the  same  way.  This  was  an  equivalent  of  13.82  pounds  of 
green  material  per  100  pounds  of  animal.  It,  too,  produced  no  effect 
besides  evidence  of  discomfort  from  the  large  feeding.  As  will  appear 
in  the  general  discussion,  the  failure  to  produce  intoxication  was  prob- 
ably due  to  the  fact  that  the  plant  in  drying  loses  much  of  its  toxicity. 

Cow  699.— This  animal,  which  was  fed  at  Fancher,  111.,  in  the  fall  of 
1915,  was  an  old  milch  cow,  estimated  to  weigh  1,000  pounds.  She  was 
m  good  condition,  giving  a  good  flow  of  milk.  She  was  fed  from  Sep- 
tember 21  to  30  on  fresh  material  of  E.  urticaefolium,  including  stems, 
leaves,  and  flowers;  this  was  mixed  with  grass  and  bran.  She  received 
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during  this  time  106  pounds  of  £.  urticaefolium,  138  poimds  of  grass, 
and  1 1.5  pounds  of  bran,  an  average  daily  ration  of  10.6  pounds  of 
Eupatorium,  12.5  pounds  of  grass/ and  i  pound  of  bran.  The  material 
was  kept  before  her  constantly  in  the  attem4)t  to  make  her  eat  as  much 
as  possible.  She  did  not  take  kindly  to  the  E.  urticaefolium,  and  it  was 
necessary  to  keep  mixing  fresh  grass  with  it.  A  calf  (No.  700)  was 
allowed  to  take  all  her  milk. 

On  September  30  it  was  evident  that  she  was  losing  in  activity  and 
that  her  flow  of  milk  was  much  reduced.  She  moved  slowly  and  after 
a  little  exercise  trembled  noticeably  in  the  shoulders,  hips,  and  thighs. 
On  October  i  she  was  much  constipated  and  strained  when  defecating. 
She  ate  no  E.  urticaefolium  and  even  refused  to  pick  grass  out  of  the 
mixture.  On  October  2  she  was  lying  down  and  unable  to  get  on  her 
feet.  Grass  was  offered  to  her,  and  she  tried  to  eat  it.  The  nose  and 
lower  jaw  trembled  violently.  After  attempting  to  rise,  she  went  over 
on  her  side,  with  marked  trembling  about  her  head.  Her  flow  of  milk 
had  nearly  stopped.     On  October  8,  in  the  morning,  she  was  found  dead. 

Her  temperature  during  the  experiment  was  rather  low,  but  hardly 
subnormal.  At  the  autopsy  the  liver  was  somewhat  yellowish,  the 
duodenum  was  slightly  congested,  and  the  ileum  showed  many  patches 
of  congestion.     Nothing  else  abnormal  was  noticed. 

Calf  700. — ^This  was  a  male  calf  which  on  September  21  was  only  2  or 
3  days  old.  He  was  put  with  cow  699  and  took  all  her  milk  supply. 
He  showed  no  ill  effects  from  the  milk,  but  suffered  from  lack  of  nourish- 
ment as  the  cow  began  to  dry  up. 

From  October  4  to  9  he  was  fed  with  E.  urticaefolium  by  the  balling 
gun,  receiving  a  total  of  5.6  potmds.  This  would  be  equival^it  to  56 
pounds  for  a  1,000-pound  animal,  or  an  average  daily  ration  of  9.3 
pounds  for  six  days.  During  this  time  he  was  fed  on  skimmed  milk- 
He  showed  nausea  on  October  8,  and  on  the  9th  this  was  accompanied 
by  vomiting,  with  loss  of  appetite.  On  October  7  and  8  he  shivered  at 
times,  but  this  may  have  been  due  to  insuf&cient  food  rather  than  to 
any  toxic  effect  of  the  E.  urticaefolium.  He  was  killed  and  autopsied 
on  October  10.    The  result  of  the  autopsy  was  entirely  n^ative. 

Sheep  367. — ^This  sheep,  a  yearling  ewe  weighing  60  potmds,  was  fed 
at  Fancher,  111.,  from  September  22  to  28,  inclusive,  on  fresh  plants  of 
E,  urticaefolium.  She  ate  i.i  pounds  on  September  22,  and  on  the  re- 
maining days,  except  September  24,  she  was  given  the  material  by  a 
balling  gun,  receiving  all  told  4.3  poimds,  or  on  the  basis  of  7.1  pounds 
per  100  pounds  of  animal,  an  average  daily  ration  of  i  pound. 

In  the  afternoon  of  September  25,  after  having  received  the  plant  at 
the  rate  of  3.8  pounds  per  100  pounds  animal  weight,  the  sheep  appeared 
inactive,  preferring  to  lie  down.  On  September  26  it  was  thought  that 
she  trembled  some  after  being  exercised,  and  there  was  some  trembling 
of  the  jaw  when  she  was  being  fed  with  the  balling  gim.    On  September 
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27  she  was  constipated;  no  further  evidence  of  tremhling.  On  Septem- 
ber 28  she  trembled  after  exercise  in  the  morning,  and  the  lower  jaw 
trembled  when  she  was  being  fed  with  the  balling  gim.  She  grew  weaJcer 
during  the  day,  lay  down  most  of  the  time,  ate  very  little,  and  trembled 
when  on  her  feet.  From  September  29  to  October  i  her  condition  con- 
tinued much  the  same  as  on  September  28,  with  gradually  increasing 
weakness  imtil  on  October  i  she  was  unable  to  rise  or  even  to  remain 
in  an  upright  position,  and  lay  on  her  side  during  the  day.  Plate  54 
shows  the  condition  of  the  animal.  The  urine  and  feces  weie  bloody. 
She  was  found  dead  on  the  morning  of  October  2.  There  had  been 
almost  a  complete  loss  of  appetite,  so  that  she  had  eaten  very  little 
during  the  experiment  and  weighed  after  death  only  43  pounds. 

The  records  of  temperature,  pulse,  and  respiration  showed  nothing 
unusual  except  a  rather  high  pulse  rate.  The  autopsy  showed  nothing 
distinctly  abnormal,  except  that  the  liver  had  a  spotted  appearance  and 
was  possibly  somewhat  degenerated. 

Sheep  368. — This  was  a  ewe  about  4  years  old,  weighing  100  pounds. 
She  was  fed  at  Fancher,  111.,  from  September  22  to  24,  191 5,  with  the 
balling  gun,  receiving  a  total  of  5  pounds,  an  average  daily  ration  of  1.7 
potuids.  She  became  nauseated  during  the  feeding  on  September  23, 
but  showed  no  further  symptoms  at  that  time.  While  being  fed  in  the 
morning  of  the  24th  some  trembling  of  the  nose  was  noted  and  the  animal 
preferred  to  lie  down.  A  Uttle  later  the  trembling  and  weakness  became 
more  marked,  increasing  until  she  was  unable  to  stand  and  went  over 
upon  her  side,  salivating  and  vomiting.  Plate  55  shows  her  condition 
at  this  time.  She  died  at  1.30  p.  m.,  having  lost  12  pounds  during  the 
experiment.  Her  temperature  remained  normal  during  the  experiment. 
In  the  autopsy  the  only  marked  change  was  in  the  hver,  which  presented 
a  mottled  appearance. 

Sheep  369. — This  animal  was  a  yearhng  ewe  weighing  63  pounds.  She 
was  given  E.  uriicaefoHum  with  the  balling  gun,  at  Fancher,  111.,  from 
October  3  to  7,  191 5.  She  received  0.22  pound  on  October  3,  and  on  the 
following  days  received  four  feedings  of  0.22  pound  each,  thus  getting 
all  told  3.7  pounds.  On  the  basis  of  an  animal  of  100  pounds  this  would 
be  5.9  pounds,  or  an  average  daily  ration  of  1.2  pounds. 

While  she  was  being  fed  in  the  afternoon  of  October  5,  after  about  1.5 
poimds  of  the  plant  had  been  eaten,  there  was  some  trembling  of  the 
head.  At  the  end  of  the  first  feeding  on  October  6  there  was  trembling 
of  the  jaw;  at  this  time  about  2.2  pounds  had  been  eaten.  There  were 
no  other  symptoms  until  the  morning  of  the  8th.  When  first  seen  on 
that  day,  she  was  lying  down,  and  when  made  to  rise  walked  a  little  way 
and  lay  down.  The  respiratory  movements  were  deep  and  jerky,  and 
she  lay  with  the  eyes  half  closed,  grunting  with  each  expiration.  A  Uttle 
later  when  made  to  rise  she  stood  humped  up  and  moved  about  uneasily. 
The  forelegs  b^;an  to  tremble,  the  trembling  increasing  in  violence  for 
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about  five  minutes,  when  she  lay  down.  She  gradually  grew  weaker, 
exhibiting  a  repetition  of  the  same  sjnnptoms.  On  the  morning  of 
October  10  she  could  still  stand  for  a  few  minutes.  She  was  killed  at 
9  a.  m.  on  that  day,  and  an  autopsy  was  made.  The  autopsy  showed 
nothing  that  could  be  considered  abnormal.  The  records  of  temperature, 
pulse,  and  respiration  showed  nothing  that  could  be  considered  specifically 
abnormal. 

LETHAL  DOSE 

The  experiments  were  too  few  in  number  to  make  it  possible  to  speak 
positively  in  regard  to  the  lethal  dose.  The  results,  however,  are  sig- 
nificant. 

Sheep. — ^Excluding  No.  310,  which  was  fed  on  the  dry  plant,  consider- 
ing No.  369  as  a  case  of  death,  for  this  animal  would  have  died,  without 
doubt,  and  adding  the  amounts  of  the  two  feedings  of  No.  309  for  reasons 
which  will  appear  later,  the  average  lethal  dose  was  6.05  pounds  per 
hundredweight  of  animal,  with  a  minimum  of  5  pounds  and  a  maxiniUTn 
of  7.1  pounds.  The  variation  from  the  average  is  so  little  that  it  is 
probably  safe  to  say  that  the  lethal  dose  for  sheep  is  about  6  per  cent  of 
the  animal's  weight. 

Cattle. — ^For  the  cattle  the  average  lethal  dose  of  the  two  fatal  cases, 
Nos.  668  and  699,  is  94.2  pounds  per  i  ,000  pounds  of  animal.  If  it  can  be 
assumed  that  these  are  average  cases,  it  would  appear  that  the  lethal  dose 
for  cattle  is  about  10  per  cent  of  the  animal's  weight.  Cattle  apparently 
are  somewhat  less  susceptible  to  the  poison  than  sheep. 

TOXIC  DOSE 

The  experiments  with  the  sheep  failed  to  show  any  difference  between 
the  lethal  and  toxic  doses. 

In  the  case  c^  the  cattle,  No.  699  showed  symptoms  on  82.6  pounds  per 
1,000  pounds  of  animal,  and  succumbed  after  106  potmds,  and  No.  663 
showed  symptoms  after  123.8  pounds  of  autodaved  material.  No.  700 
exhibited  symptoms  after  56  pounds,  but  in  this  case  there  was  a  com- 
plication because  of  the  animal's  weakness  from  lack  of  food.  It  appears 
then  that  the  margin  between  the  toxic  and  lethal  limits  is  quite  narrow. 

EUPATORIUM  POISONING  CUMULATIVE 

While  there  was  some  evidence  that  the  toxic  dose  was  smaller  whai 
the  material  was  given  in  a  short  time,  this  difference  was  comparatively 
slight.  It  appears  from  the  experimental  cases  that  the  elimination  of 
the  toxic  substance  takes  place  very  slowly,  so  that  there  is  a  distinct 
cumulative  effect.  This  was  evident  both  in  the  cattle  and  in  the  sheep. 
This  may  explain  the  fact  that  sheep  309  was  killed  in  a  forced  feeding 
of  only  1.6  potmds  per  hundredweight  on  November  2,  1914.  From 
October  24  to  26  it  had  received  4.4  potmds  with  no  symptoms.    The 
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combined  feeding  of  the  two  periods  was  6  pounds,  the  quantity  which 
appears  to  be  the  average  toxic  or  lethal  dose;  and  if  it  is  assumed  that 
the  toxic  substance  of  the  first  period  had  not  been  eliminated  the  fatal 
effect  of  the  small  forced  feeding  may  be  explained. 

SYMPTOMS 

The  most  noticeable  symptom  and  perhaps  the  most  tj^ical  is  tremb- 
ling, which  is  seen  especially  in  the  muscles  about  the  nose  and  in  those 
of  the  legs.  This  becomes  marked  after  exercise,  and  may  be  violent, 
ending  in  the  animal  falling  to  the  ground. 

In  some  cases  trembling  is  the  first  symptom  noted,  but  in  others  there 
is  a  preceding  period  of  marked  depression  and  inactivity. 

In  most  cases  the  animals  are  constipated,  and  some  have  bloody  feces. 

Generally  v/ben  fed  intensively  the  animals  are  nauseated,  and  this  is 
sometimes  accompanied  with  vomiting. 

The  respiration  is  normal,  except  that  during  exertion  it  is  quickened 
and  somewhat  labored. 

In  the  average  of  cases  there  were  no  significant  changes  in  tempera- 
ture. In  one  or  two  cases  it  was  slightly  lower  than  normal,  and  in 
others  somewhat  higher  than  normal,  during  the  latter  part  of  the  illness. 

Weakness  is  very  pronounced.  The  animals  have  difficulty  in  stand- 
ing and  sometimes  remain  down  for  a  prolonged  period  before  death. 
Sometimes  they  live  for  several  days  after  the  appearance  of  the  first 
symptoms. 

AUTOPSY  FINDINGS 

Generally  speaking,  there  was  more  or  less  congestion  in  the  duodenum 
and  ileum.  The  liver  in  most  cases  showed  evidence  of  a  pathological 
condition,  presenting  the  appearance  of  '* nutmeg  liver."  Except  in  the 
liver  and  intestine,  there  was  no  evident  abnormal  condition. 

PATHOLOGY 

Microscopic  examinations  have  been  made  of  various  tissue  from  ani- 
mals poisoned  by  E.  urticaefolium.  Two  organs,  the  liver  and  kidney, 
show  pathological  changes  of  a  significant  nature. 

Liver. — ^The  livers  from  those  animals  which  were  autopsied  shortly 
after  death  in  all  cases  showed  a  condition  of  fatty  infiltration,  and  most 
of  them  showed  congestion,  either  acute  or  subacute.  The  fat  globules 
were  formed  within  the  cells,  in  some  cases  occupying  nearly  the  entire 
cell  body.  The  globules  were  variable  in  size.  They  were  least  numer- 
ous in  the  case  of  calf  700  and  most  marked  in  the  case  of  cow  669.  It 
is  to  be  noted  that*  cattle  669  died  from  the  effect  of  the  plant,  while  calf 
700  did  not  show  positive  sjonptoms. 

Of  the  sheep.  No.  368  showed  very  marked  congestion,  the  cells  of  the 
lobules,  more  particularly  near  the  vena  centralis,  being  pushed  far  apart, 
giving  the  appearance  of  nutmeg  liver.     In  cases  Nos.  367,  368,  and  369 
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the  fat  globules  were  more  noticeable  on  the  peripheral  cells  of  each 
lobule.  Sheep  369  showed  pronounced  necrosis  of  the  cells  in  certain 
areas.  In  sheep  367  the  liver  had  apparently  been  congested,  as  the  cells 
about  the  vena  centralis  were  pushed  apart. 

Kidney. — ^The  kidney  sections  from  all  animals  examined  were  very 
similar  in  pathological  appearance.  The  lumina  of  the  tubules,  more 
particularly  those  near  the  periphery,  and  including  the  convoluted 
tubules  and  the  loop  of  Henle,  contained  a  serous  exudate,  showing  that 
congestion  had  existed.  There  were  few  normal  cells  remaining,  most  of 
them  having  begun  to  break  down,  the  portion  of  the  cells  next  the 
lumen  having  sloughed  off,  leaving  the  edge  irregular  and  ragged.  The 
remains  of  such  cells  could  often  be  seen  in  the  lumina.  Most  of  the 
blood  vessels  excepting  the  capillaries  were  well  filled  with  blood,  which, 
taken  with  the  serous  exudate  in  the  lumina  of  the  tubules,  indicates  a 
subacute  stage  of  congestion.  In  the  case  of  cow  699  the  capillaries  as 
well  as  other  blood  vessels  were  distended  with  blood.  The  condition  of 
degenerated  epithelial  cells  would  suggest  the  presence  of  some  irritating 
substance. 

While  certain  pathological  conditions  were  found  in  the  lung  tissue  of 
some  of  the  cases,  they  were  not  constant  enough  to  be  considered 
significant. 

ANIMALS  SUSCEPTIBLE  TO  EUPATORIUM  POISONING 

The  writers'  experiments  were  with  cattle  and  sheep.  Definite  feeding 
experiments  have  been  made  by  others,  as  will  be  shown  later,  which 
prove  the  toxicity  of  the  plant  for  horses,  and  extracts  have  poisoned 
cats,  dogs,  and  guinea  pigs.  So  far  as  reported  experimentation  goes  it 
appears  that  no  ahimals  are  immune  to  the  toxic  principle  of  the  plant. 

In  regard  to  man,  the  definite  evid^ice  is  hardly  conclusive,  in  spite 
of  a  number  of  instances  in  which  the  plant  or  an  extract  is  said  to  have 
been  poisonous.  Some  of  these  cases  are  clearly  apochryphal.  But  on 
the  whole  there  seems  to  be  little  doubt  that  human  beings  may  be  poi- 
soned by  the  plant  if  a  sufficient  dosage  is  used. 

COMPARATIVE  TOXICITY  OF  GREEN  AND  DRY  PLANT 

The  dry  plant  was  fed  by  the  balling  gun  to  sheep  310  on  January  29 
and  February  9,  the  animal  receiving  the  equivalent  of  7.6  pounds  of 
green  plant  per  hundredweight  on  the  first  date  and  13.82  pounds  on  the 
second.  The  first  feeding  was  more  than  the  average  toxic  dose  of  the 
fresh  plant  and  the  second  feeding  more  than  twice  that  amount,  but 
there  was  no  evid^ice  of  poisoning  in  either  case. 

Two  head  of  cattle  were  fed  on  dry  material.  No.  122  receiving  the 
equivalent  of  274.3  pounds  of  green  plant  per  1,000  pounds  with  no 
effect,  while  No.  663  received  the  equivalent  of  294.3  pounds  with  only 
slight  symptoms.     This  latter  amount  was  nearly  three  times  the  esti- 
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mated  toxic  dose  of  the  fresh  plant.     It  seems  that  without  doubt  the 
plant  loses  a  large  part  of  its  toxicity  in  dr)ring. 

ARE  THE  MILK  AND  FLESH  OF  POISONED  ANIMALS  POISONOUS? 

Milk  from  cow  122,  during  the  period  in  which  she  was  eating  E.  urti- 
cae folium,  was  fed  to  cat  3  and  dog  15.  It  should  be  noted  in  this  con- 
nection that  cow  122  received  dry  material  and  showed  no  symptoms  of 
poisoning.  While  it  is  generally  stated  that  ** milk-sick''  cows  show  no 
symptoms  while  giving  milk,  it  is  evident  not  only  from  the  experiments 
of  the  Department  of  Agriculture  but  from  the  testimony  of  others  that 
cows  even  when  giving  milk  can  show  S)rmptoms  of  Eupatorium  poisoning. 

Cat  3  was  an  old  animal.  He  drank  the  milk  for  about  a  week  and 
then  refused  it,  and  some  time  later  died.  There  was  no  evidence  that 
the  milk  injured  it,  and  its  death  was  due  to  old  age. 

Dog  1 5  was  fed  milk  from  the  same  cow  from  December  20  to  Decem- 
ber 31  with  no  deleterious  effect. 

Meat  from  cattle  668  and  sheep  309,  both  animals  having  died  from 
Eupatorium  poisoning,  was  fed  to  dog  11  from  October  23  to  November 
16.  During  this  time  the  dog  ate  over  60  pounds  of  meat,  or  an  average 
of  about  2.4  pounds  a  day.  As  he  weighed  only  15  pounds,  he  ate  4 
times  his  weight  of  meat.  He  was  in  poor  condition  at  the  conclusion 
of  the  experiment,  and  died  some  days  later.  There  were  no  definite 
sjrmptoms,  and  probably  the  death  was  not  due  to  E.  urticaefolium.  It 
must  be  recognized,  however,  that  it  is  possible  that  the  plant  had  some 
injurious  effect. 

Dog  12,  weighing  about  10  potmds,  was  fed  like  dog  1 1  from  October  23 
to  November  16  on  the  meat  from  cattle  668  and  sheep  309,  eating  18.9 
pounds,  without  any  effect. 

Dog  21,  an  old  shepherd  dog,  was  put  in  a  pen  with  the  meat  from  cattle 
699,  which  had  died  of  Eupatorium  poisoning.  He  ate  very  little,  and 
later  the  meat  was  cooked  and  fed  to  him  from  October  5  to  9, 191 5,  dur- 
ing which  time  he  ate  6>^  pounds.  He  refused  to  eat  more,  and  was  killed 
and  autopsied  on  October  10.  His  lack  of  appetite  was  doubtless  due  to 
his  age.  The  result  of  the  feeding  and  of  the  autopsy  was  entirely 
negative. 

During  the  time  of  the  experiment  with  dog  21  two  or  three  hounds 
from  a  neighboring  farm  broke  into  the  pen  where  the  meat  was  kept 
and  practically  cleaned  up  the  skeleton.  None  of  the  dogs  were  known 
to  be  poisoned. 

While  the  experiments  with  the  flesh  of  poisoned  animals  can  not  be 
considered  conclusive,  everything  points  to  the  probability  of  the  harm- 
lessness  of  the  meat. 

In  this  connection  it  may  be  noted  that  Mr.  George  Walker,  of  Andrews, 
North  Carolina,  a  region  where  trembles  in  cattle  is  common,  has  called 
attention  to  the  fact  that  during  the  Civil  War  both  armies,  when  in 
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the  terms  "milk  sickness"  or  ''trembles''  are  included  at  least  two  dis- 
tinct things,  one  the  poisoning  of  animals  by  E,  urticaefolium,  and  the 
other  a  bacterial  disease  to  which  both  animals  and  m^i  are  susceptible. 
Although  the  question  of  the  differential  diagnosis  of  the  two  diseases 
will  be  discussed  in  detail  in  the  report  of  the  bacteriological  investi- 
gations, it  may  be  noted  here  that  trembling  appears  to  be  more  dis- 
tinctly characteristic  of  Eupatorium  poisoning,  and  that  a  subnormal 
temperature  is  one  of  the  diagnostic  symptoms  of  the  bacterial  diseases, 
while  poisoning  by  E,  urticaefolium  produces  no  distinct  effect  on  the 
temperature. 

CONDITIONS  UNDER  WHICH  ANIMALS  B1A.Y  BE  POISONED 

It  is  known  that  stock  may  be  pastured  where  E.  urticaefolium  is 

abundant,  and  that  the  use  of  these  pastures  may  be  continued  for 

years  with  no  harm.    Most  of  the  cases  of  poisoning  occur  in  the  late 

summer  and  fall  and  generally  in  years  when  there  is  a  deficiency  of 

moisture  and  a  consequent  shortage  of  forage  grasses.    Cases  also  occur 

when  grazing  animals  are  confined  to  a  limited  area  on  which  the  plant 

is  abundant.     The  experimental  work  shows  that  E.  urticaefolium  is 

not  palatable  to  our  domestic  animals  and  that  they  will  avoid  it  in 

the  presence  of  other  foods.    As  in  the  case  of  most  stock-poisoning 

plants,  there  is  a  direct  relation  between  shortage  of  food  and  cases  of 

poisoning,  although,  of  course,  sporadic  cases  may  occur  under  other 

conditions. 

REMEDIES 

Sick  animals  should  be  treated  with  remedies  to  relieve  the  constipation 
and  increase  elimination.  To  this  end  purgatives  may  be  used,  of  which 
perhaps  Epsom  salts  is  the  best.  This  should  be  used  in  doses  of  i  pound 
for  a  1,000-pound  animal.  The  feed  should  be  laxative,  like  bran,  oil 
meal,  etc.  In  parts  of  North  Carolina  it  is  customary  to  feed  milk-sick 
animals  with  green  com  and  pumpkins,  and  there  is  good  reason  to 
consider  this  a  desirable  diet. 

Inasmuch  as  the  toxic  substance  of  the  plant  is  eliminated  very  slowly, 
quick  recovery  must  not  be  expected,  and  the  animals  should  be  given 
somewhat  prolonged  attention. 

PREVENTION 

In  many  places  milk-sick  areas  have  been  fenced  off  with  consequent 
prevention  of  losses.  In  some  localities  where  E.  urticaefolium  is  par- 
ticularly abundant  this  evidently  is  advisable.  The  clearing  of  land  and 
seeding  to  com,  grain,  or  grasses  will  of  course  stop  the  trouble.  It  has 
long  been  known  that  trembles  affects  animals  pastured  on  unbroken 
land  and  that  the  disease  disappears  after  cultivation. 

So  far  as  getting  rid  of  the  plant  is  concemed,  however,  it  must  be 
remembered  that  partial  clearing  is  not  sufl&dent.     It  is  trae  that  the 
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plant  favors  damp,  shaded  places,  but  it  sometimes  grows  most  luxuriantly 
on  partially  cleared  land.  It  has  been  noticed  in  the  mountains  of  North 
Carolina  that  the  plant  increases  enormously  on  cleared  land,  and  only 
disappears  after  the  land  has  been  seeded  down. 

If  the  poisonous  character  of  the  plant  is  recognized,  much  can  be 
accomplished  by  so  handling  the  animals  that  they  do  not  graze  largely 
in  areas  where  E.  urPicaefolium  is  abundant. 

PREVIOUS  EXPERIMENTAL  WORK  ON  EUPATORIUM  URTICAEFOLIUM 

The  results  of  the  experimental  work  undertaken  by  the  writers 
were  so  definite  and  convincing  that  it  seemed  best  to  reexamine  the 
literature  of  milk  sickness  with  reference  to  the  results  obtained  by  other 
authors.  Although  the  literature  is  very  extensive  and  E.  nrUcaefolium 
has  long  been  suspected  as  a  possible  cause  of  the  disease,  the  published 
statements  in  regard  to  the  plant  are  not  very  numerous. 

Apparently  the  first  published  statement  in  regard  to  the  efifect  of 
£.  uriicaefolium  was  by  Rowe  (14)  in  the  Ohio  State  Journal  of  September 
6,  1839.  He  made  a  public  experiment  of  feeding  *  'the  weed"  on  the 
farm  of  Francis  Asbury,  and  published  a  statement  by  Mr.  Asbury  with 
afiidavits  by  four  other  men.  **The  weed"  was  fed  to  a  cow  for  seven 
days,  together  with  common  feed.  A  3-months-old  calf  took  the  milk 
of  the  cow  during  that  time,  exhibited  symptoms  of  trembles  on  the  sixth 
day,  and  died  on  the  ninth.  A  yearling  steer  at  the  same  time  was  fed 
with  *  *the  weed"  and  other  necessary  feed,  had  the  trembles,  and  died 
at  the  end  of  seven  days.  It  is  stated  in  the  report  of  the  Ohio  State 
board  of  agriculture  for  1858  (p)  that  the  weed  used  was  Eupatorium 
ageraioides. 

A  statement  that  E.  uriicaefolium  {ageraioides)  may  be  the  cause  of 
milk  sickness  was  made  by  Barbee  (i)  in  1840.  He  says  that  Dr.  Owen 
told  him  that  he  had  produced  trembles  in  a  caK  by  an  extract  of  the 
plant.  Barbee  himself  gave  a  decoction  to  a  dog  and  produced  *'  shaking 
palsy,"  vomiting,  and  death  in  three  hours. 

Drake  in  1841  (7,  p.  215-216)  tells  of  two  specific  cases  in  which 
cattle  were  turned  into  pastures  covered  with  £.  ageraioides  without 
any  bad  results. 

Dewey  in  1854  (6),  thinks  the  cause  of  the  disease  is  a 
succulent  plant,  which  grows  in  damp  and  thickly  shaded  bottoms,  and  hears  a 
white  blossom  imtil  late  in  the  autuam. 

Probably  the  plant  thus  described  is  E.  uriicaefolium.  He  states 
that  he  knows  all  the  symptoms  of  the  disease  were  produced  in  calves 
by  experimental  feeding  of  this  plant. 

In  the  Thirteenth  Annual  Report  of  the  Ohio  State  Board  of  Agri- 
culture (9),  printed  in  1859,  is  an  unsigned  article,  probably  written 
by  Townshend,  in  which  is  a  letter  from  W.  J.  Vennilya.  Vermilya  in 
1855  put  200  sheep  in  a  field  containing  E.  ageraioides,  saw  them  eat 
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the  plant,  and  lost  8  lambs  that  had  developed  the  trembles.  In  1856 
he  fed  the  plant  to  a  mare,  beginning  the  feeding  on  October  12.  Symp- 
toms of  trembles  were  very  pronounced  on  October  21,  and  on  the  23d 
the  animal  died.  During  the  illness  the  animal  was  examined  by  three 
doctors,  two  farriers,  and  other  citizens,  and  all  agreed  that  the  mare 
had  the  trembles. 

William  Jerry,  of  Madison  County,  111.,  in  1867  published  in  the 
Missouri  Republican  a  statement  which  was  reprinted  in  the  Medical 
and  Surgical  Reporter  of  Philadelphia  (ij),  that  he  had  been  made 
violently  ill  with  symptoms  of  milk  sickness  by  eating  E.  ageratoides 
prepared  as  greens.  He  also  produced  sickness  in  a  dog  by  a  decoction 
of  the  plant.  Sawyer  in  the  same  number  of  the  magazine  says  that 
he  has  experimental  evidence  that  the  plant  will  produce  in  animals  a 
disease  very  similar  to  mHk  sickness. 

Moseley  in  1906,  in  a  detailed  article  (jo),  in  which  he  states  positively 
that  E.  ageratoides  is  the  cause  of  trembles  in  animals  and  of  milk  sick- 
ness in  man,  relates  may  cases  of  poisoning  of  animals  by  the  plant  in 
Ohio  pastures,  and  gives  details  of  his  own  successful  experiments  with 
the  plant  and  with  extracts,  using  as  experimental  animals  cats,  dogs, 
rabbits,  and  sheep. 

Crawford  in  1908  (4)  discusses  Moseley 's  investigations  and  records 
a  series  of  experiments  on  rabbits,  cats,  dogs,  sheep,  and  man,  for  the 
most  part  made  with  extracts,  from  which  he  draws  the  conclusion 
that  E.  ageratoides  is  not  the  cause  of  milk  sickness.* 

Brooks  in  1914  (2)  states  that  his  experiments  show  that  both  cattle 
and  sheep  are  poisoned  by  the  plant,  the  sheep  being  the  more  sus- 
ceptible. He  states  that  an  animal  must  eat  about  10  per  cent  of  its 
weight  in  order  to  be  poisoned. 

Clay  (j)  fed  two  head  of  cattle  and  one  sheep  on  fresh-cut  material 
of  the  plant,  and  all  died  within  three  days  with  symptoms  of  trembles. 

The  results  obtained  by  these  authors  were  so  concordant  that  it  now 
seems  strange  that  more  importance  was  not  attached  to  them.  The 
experiments  of  Vermilya  were  especially  conclusive.  The  fact  that  in 
the  coves  mentioned  by  Drake  no  bad  results  followed  the  pasturing  of 
cattle  is,  of  course,  only  negative  evidence. 

Even  in  the  experiments  by  Crawford,  from  which  he  concluded  that 
the  plant  was  not  harmful,  an  examination  of  the  cases  shows  that  of 
the  eight  rabbits  tested  with  extracts  four  died  and  one  other  exhibited 
trembling  of  the  muscles.  The  cat  used  was  sick.  The  dog  and  sheep 
used  showed  no  symptoms,  but  the  doses  given  were  very  small.  The 
same  thing  was  true  of  the  dose  given  to  himself,  for,  granted  that  he 
weighed  150  pounds,  the  dosage  was  only  0.44  of  i  per  cent  of  his  weight. 

I  In  1909  (iz)  and  19x0  (is),  in  papers  intended  to  prove  that  ahiminiiim  phosphate  in  plants  is  the  cause 
of  milk  sickness.  Moseley  details  other  successful  experiments  with  feeding  the  plant  to  rabbits  and  cows 
and  claims  to  have  produced  the  disease  in  rabbits  and  cats  from  the  milk  of  diseased  animals,  in  cats  by 
butter,  and  in  cats  from  the  meat  d  diseased  rabbits. 
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Inasmuch  as  the  experiments  detailed  in  this  paper  show  that  the  toxic 
dose  for  animals  is  from  6  per  cent  to  10  per  cent  of  their  weight,  symp- 
toms would  hardly  be  expected  from  the  small  quantity  which  Crawford 
administered  to  himself,  even  if  man  were  vastly  more  susceptible  than 
the  lower  animals. 

Apparently  experimenters  were  so  interested  in  discovering  the  cause 
of  milk  sickness  that  the  fact  was  overlooked  that,  whether  milk  sickness 
were  produced  by  E.  uriicaefolium  or  not,  actual  proof  had  been  made 
repeatedly  of  the  poisonous  character  of  the  plant.  The  experiments 
of  this  paper  have  confirmed  the  former  work  and  given  definite  infor- 
mation in  regard  to  symptoms  and  dosage.^ 

SUMMARY 

(i)  Eupatorium  uriicaefolium  has  for  many  ^ears  been  considered  by 
many  people  as  the  cause  of  milk  sickness,  or  trembles,  in  cattle. 

(2)  Experimental  work  shows  conclusively  that  the  plant  is  toxic,  and 
produces  a  definite  line  of  symptoms  bearing  a  close  resemblance  to  those 
considered  characteristic  of  trembles. 

(3)  Probably  many,  possibly  most,  cases  of  trembles  in  cattle  and 
sheep  are  due  to  poisoning  by  E.  uriicaefolium. 

(4)  Under  the  term  ''milk  sickness,**  or  "trembles,'*  are  probably 
grouped  at  least  two  distinct  things:  one  poisoning  by  E.  uriicaefolium 
and  the  other  a  bacterial  disease. 
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PLATE  53 
Poisoning  by  Eupatorium  urHcaefolium: 


A. — Sheep  309,  showing  weakness. 
B. — Sheep  309,  showing  trembling. 
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PLATE  55 
Rjiacming  by  Eupatorium  uriicaefoHum: 


A.— Sheep  368  on  September  24. 
B.— Sheep  368  a  little  later  the  same  day- 
23719*^17 4 
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Timothy.    Stt  PkUtun  PraUtut. 
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